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This new M.S.A. instrument, which indicates SO2 
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method of determining the “‘breathing safety’ of per- 
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squeezes of the aspirator bulb draw in an air sample. 
Any SO» collected turns the blue granules in detector 
tube to white. Length of white area is an index of the 
SO? concentration. Write for complete details. 
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Doctor, would it be helpful to you in your 


practice to know that there is a food avail- 


able at reasonable prices in the stores 
the year round having these attributes: 


1. High public acceptance as to flavor and palat- 
ability —billions eaten annually. 


2. One of the best of the “protective” foods with a 
well-rounded supply of vitamins and minerals. 


3. Low sodium—very little fat—no cholesterol. 
4. Sealed by nature in a dust-proof package. 
5. One of the first solid foods fed babies. 


6. Can be easily digested by old folks as well as 
infants. 


7. Can be readily eaten out of hand, in milk shakes, 
on cereals, or in salads. 


8. Can be baked, broiled or fried. 


9. Can be used as an ingredient product in breads, 
pies, cakes and desserts. 


10. Useful in bland and low-residue diets. 
11. Mildly laxative. 


12. May be used in the management of both 
diarrhea and constipation. 


13. Can be used in reducing diets. 
14. Can be used in high-calorie diets. 


15. Useful in the dietary management of celiac 
disease. 


16. Useful in the dietary management of idiopathic 
non-tropical sprue. 


17. Useful in the management of diabetic diets. 
18. Valuable in many allergy diets. 


19. Belongs among foods useful in certain acute 
intestinal infections. 


20. A protein sparer. 
21. Favorably influences mineral retention. 
22. Useful in the management of ulcer diets. 


23. One of the easiest foods to eat or prepare. 


FOR THE NAME OF THIS FOOD, PLEASE TURN THE PAGE 
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The answer is 


BANANAS 


If you would like 


1. The authority for any of the statements 
made on the preceding page... 


2. Additional information in connection with any of them... 
3. The composition of the banana... 
4. The nutritional story of the banana... 


5. Information on various ways to prepare or serve bananas. 


Please feel free to write to 
Director, Chemical and Nutrition Research, United Fruit Company 


PIER 3, NORTH RIVER, NEW YORK 6, N. Y. 


SUPPLEMENT to EXPERIENCE 
A.M.A. Archives of INTERNAL MEDICINE 


UNDER some circumstances, sometime in his career, practically every 
physician becomes an internist. Contact with forward-moving prac- 
tices and opinions in the internal medicine field . . . provided in 
A. M. A. INTERNAL MEDICINE .. . supplies confirmation and sup- 


plements experience for both the specialist and the physician in 
general practice. 


Featured each month will be comprehensive original articles, case 


reports, clinical studies, progress reports, correspondence, news and 
comment, book reviews. 


AMERICAN MEDICAL ASSOCIATION 


535 N. Dearborn St., Chicago 10, Illinois. 


Please Begin My Subscription to A. M.A. Archives of 
Able editorial leadership. INTERNAL MEDICINE with the Next Issue. 


Outstanding contributions. 
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ACUTE INHALATION TOXICITY OF BERYLLIUM 
IV. Beryllium Fluoride at Exposure Concentrations of One and Ten Milligrams per Cubic Meter 


HERBERT E. STOKINGER, Ph.D. 
CHARLES J. SPIEGL, Ph.D. 
ROBERT E. ROOT 
ROBERT H. HALL, Ph.D. 
LUVILLE T. STEADMAN, Ph.D. 
CATHERINE A. STROUD, MT. 
JAMES K. SCOTT, M.D. 
FRANK A. SMITH, Ph.D. 
AND 
DWIGHT E. GARDNER, B.S. 
ROCHESTER, N. Y. 


| ¥ THE processing of beryllium, acute pulmonary disease and also dermatitis 
have occurred among plant personnel exposed to beryllium fluoride or to a mix- 
ture of beryllium and hydrogen fluoride ' as well as to certain other beryllium com- 
pounds. Acute beryllium poisoning by inhalation has been studied in a wide variety 
of animal species exposed to beryllium sulfate mist and beryllium oxide dust.* Lesions 
of the lungs were produced that resembled closely those in acute beryllium pneu- 
monitis in man, and associated with such lesions, at least in dogs, there was a lower- 
ing of arterial oxygen tension. 


By far the greatest part of inhaled beryllium was found in the lungs and the 
pulmonary lymph nodes regardless of the solubility of the compound, suggesting 
that the inhaled material was removed from the site of deposition in the lungs almost 
exclusively by ciliary action or by phagocytosis. Deposition in other tissues of the 
body was confined chiefly to the bone (femur), liver, and spleen. 


Dr. Hall is currently with Wallace and Tiernan Co., Inc., Belleville, N. J. 

Dr. Stokinger is currently with the United States Public Health Service, Division of Occu- 
pational Health, Cincinnati. 

From the Division of Pharmacology and Toxicology, Department of Radiation Biology, 
University of Rochester School of Medicine and Dentistry. 

This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project. 

1. Hodge, H. C., and others: Progress Report of Preliminary Studies of Beryilium Toxic- 
ity, Unclassified Document M-1997, U. S. Atomic Energy Commission, 1947. 

2. (a) Stokinger, H. E.; Sprague, G. F.; Hall, R. H.; Ashenburg, N. H.; Scott, J. K., and 
Steadman, L. T.: Acute Inhalation Toxicity of Béryllium: I. Four Definitive Studies of Beryl- 
lium Sulfate at Exposure Concentrations of 100, 50, 10 and 1 Mg. per Cubic Meter, Arch. 
Indust. Hyg. & Occup. Med. 1:379, 1950. (b) Hall, R. H.; Scott, J. K.; Laskin, S.; Stroud, 
C. A., and Stokinger, H. E.: Acute Toxicity of Inhaled Beryllium: III. Observations Correlat- 
ing Toxicity with the Physicochemical Properties of Beryl!ium Oxide Dust, ibid. 2:25, 1950. 


493 


| 


494 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Evidences of systemic derangement were observed, among them being weight 
loss and, in dogs, rats, and rabbits, the progressive development of a macrocytic 
anemia and blood chemical changes suggestive of disturbed nitrogen metabolism. 
Recently it has been shown * that the synthesis of hemoglobin was inhibited in rabbits 
which had become anemic from inhaled beryllium. 


It has been confirmed experimentally that the toxic effects were caused by beryl- 
lium itself rather than by associated anions.* It has been shown further that exposure 
of rats to hydrogen fluoride on alternate days enhances the toxicity of inhaled beryl- 


lium sulfate,’ indicating that fluorine may play some role in the production of the 
disease. 


The present report is concerned with the acute effects observed in experimental 
animals after inhalation of beryllium fluoride mist. The data are of particular interest, 
because in some of the earliest accounts of acute pulmonary disease among beryllium 
industrial workers the causative agent was believed to have been exclusively either 
beryllium fluoride or oxyfluoride.® 


MATERIALS AND METHODS 


Vitreous beryllium fluoride of high purity was obtained from a commercial source.? It was 
dissolved in water, and the resulting solution was aerosolized in a closed chamber of approxi- 
mately 9.5 cu. m. (337 cu. ft.) capacity. The atomizing equipment and technique were the same as 
were used in previous’ studies of the toxicity of inhaled beryllium sulfate; the construction and 
operation of the chamber have also been described.24 


Two experiments were performed. The first of these was exploratory in nature and of rela- 
tively short duration, since it was not known whether beryllium fluoride would prove to be as 
toxic as the sulfate or more or less so. The concentration sought was 10 mg./m.3 In the second 
and definitive experiment, a concentration of 1 mg./m.* was sought. Since the density of the 
beryllium fluoride solutions aerosolized was found to be critical in controlling not only the water 
content of the mist droplets but also their size, this factor was kept essentially constant at 1.22 
and 1.05 gm./ml., respectively, in the two studies. 


The conditions of exposure of the animals are summarized in Table 1. The mist concentration 
in the chamber was controlled by reference to filter paper samples taken for 30 to 50 minutes at 
hourly intervals. The values listed in Table 1 represent over-all mean concentrations calculated 


3. Stokinger, H. E.; Altman, K. I., and Salomon, K.: The Effect of Various Pathologic 
Conditions on In Vivo Hemoglobin Synthesis: I. Hemoglobin Synthesis in Berryllium-Induced 
Anemia as Studied with Alpha-C 14 Acetate, to be published. 


4. Sprague, G. F.; Doran, E.; Scott, J. K., and Stokinger, H. E.: Inhalation Toxicity of 
Sodium Acid Sulfate Mist at 75 Mg/M® in Animals, Unclassified Document UR-48, U. S. 
Atomic Energy Commission, 1948. 

5. Stokinger, H. E.; Ashenburg, N. J.; DeVoldre, J.; Scott, J. K., and Smith, F. A.: 
Acute Inhalation Toxicity of Beryllium: II. The Enhancing Effect of Inhalation of Hydrogen 
Fluoride Vapor on Beryllium Sulfate Poisoning in Animals, Arch. Indust. Hyg. & Occup. Med. 
1:398, 1950. 

6. Weber, H. H., and Engelhardt, W. E.: Anwendung bei der Untersuchung von Stauben 
aus der Bergewinnung, Zentralbl. Gewerbehyg. 10:41, 1933. Martsinkovsky, B. I., and Syroech- 
kowsky, E. E.: On the Diagnosis, Clinic and Working Prognosis of Severe Poisoning by 
Beryllium Oxyfluoride, Works of Obuch Institute, Moscow, 1934. Zamakhovskaya, E. M.: 
Sanitary Hygienic Estimation of the Composition of the Surrounding Air During Extraction of 
Beryllium. ibid. 1934. Gelman, I.: Poisoning by Vapors of Beryllium Oxyfluoride, J. Indust. 
Hyg. & Toxicol. 18:37, 1936. Berkovitz, M., and Israel, B.: Changes in Lungs Caused by 
BeOF: Intoxication, Klin. med. 18:117, 1940. 


7. Brush Beryllium Company, 3714 Chester Ave., Cleveland. 
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by averaging the weight increases of all filter paper samples collected in each experiment and 
applying a factor. The latter included an efficiency term or correction for the actual amount of 
beryllium fluoride present, in addition to the usual terms representing the rate and time of sam- 
pling. Filter papers selected at random from those collected routinely each day were analyzed 
for beryllium. From the amount found, the quantity of toxic agent was calculated as BeF:.2H:0O. 
In the first experiment, the beryllium analyses were performed colorimetrically by the method of 
Underwood and Neuman.* The average recovery of beryllium fluoride dihydrate corresponded 
to 52% of the weight increase of the filter papers. In the definitive experiment, the concentration 
of toxic agent calculated from spectrographic analysis of 67 filter paper samples for beryllium was 
57 + 14% of that determined gravimetrically for the same series of samples. The assumption 
that the predominant compound in the mist droplets was BeF:.2H:O was based upon experimental 
evidence that in aqueous solution beryllium fluoride exists mainly as this relatively stable 
covalent complex.” 

Particle-size distribution in the dispersed beryllium fluoride mist was determined by sampling 
once each week with the use of the “modified” cascade impactor.!° The quantity of beryllium col- 


Taste 1—Summary of Conditions of Exposure of Animals to Berylliwm Fluoride Mist 


Exploratory Definitive 
Exposure Exposure 
Duration, calendar days 207 
Concentration, mg. BeF2z/m.% 
10.0 
14 
Mass-median particle diam., « 


Average 0.63 


0.52-0.74 
Temperature, Fahrenheit 
Daily mean 


Relative humidity, % 
Daily mean 


lected on the various stages of the instrument was determined spectrographically. The values 
listed in Table 1 are average mass-median particle diameters. The value for the exploratory 


experiment represents only two samples, but that listed for the definitive study is the average of 
31 measurements. 


A total of 251 animals representing six species were exposed to beryllium fluoride mist. In 
the exploratory study, 6 dogs, 6 cats, 20 guinea pigs, 20 female albino mice, 10 male rabbits, and 
40 albino rats were used. The guinea pigs and rats were equally divided with respect to sex. All 
animals were young adults, with the exception of 20 older rats, 10 of each sex. In the second 
experiment, 14 dogs, 5 cats, 10 male rabbits, and 120 male albino rats were exposed. Dogs and 
cats of both sexes were used randomly. Young adult animals were used exclusively in this study. 
In both experiments, procedures well established in this laboratory were followed in the care and 


preexposure treatment of the animals. The schedule of exposure was six hours daily five days 
each week. 


8. Underwood, A. L., and Neuman, W. F.: Color Reaction of Beryllium with Alkannin 
and Naphthazarin: Spectrophotometric Studies, Anal. Chem. 21:1348, 1949. 


9. Linnell, R. H., and Haendler, H. M.: Beryllium Fluoride in Water and Ethanol Solu- 
tions, J. Phys. & Colloid Chem. 52:819, 1948. 


10. Laskin, S.: Measurement of Particle Size, in Pharmacology and Toxicology of Uranium 
Compounds, edited by C. Voegtlin and H. C. Hodge, National Nuclear Energy Series, New 
York, McGraw-Hill Book Company, Inc., 1949, Div. 6, Vol. 1, Chap. 10. 
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RESULTS 
Exposure To 10 Mc. or BERYLLIUM FLUORIDE PER CuBIC METER 


Mortality Spontaneous deaths occurred among all species except cats during 
exposure to 10 mg./m.° of beryllium fluoride mist. Within the first eight days, 7 ot 
20 guinea pigs died, 4 being females and 3 males. The remaining guinea pigs appeared 
healthy and survived until the end of the experiment. Six of 20 female mice died 
between the 2d and 15th calendar days. One rabbit died on the ninth calendar day. 
In a group of 20 young rats, the cumulative mortality was 80% ; there was no sig- 
nificant difference in the death rates of the two sexes. The deaths of these rats 
occurred between the 12th and 15th days. The cumulative mortality in a similar 
group of older rats was 55%, involving 70% of the males as compared with only 
40% of the females. These rats died between the 9th and 15th calendar days. One 
dog died and another was killed in moribund condition on the eighth day of the 
experiment. Two other dogs that were not expected to live were humanely killed on 
the 15th day. 


TasLe 2—Summary of Clinical Chemical Findings in Dogs Exposed to 
Ten Milligrams of Beryllium Fluoride per Cubic Meter 


Proportion of Values 
Preexposure Significantly Altered 
Biochemical Index Mean Values During Exposure 


Serum alkaline phosphatase (King-Armstrong units).......... 12 +05 11/12 elevated 
Plasma fibrinogen, gm./100 ce 0.26 + 0.07 9/12 elevated 
Urea nitrogen, mg./100 ec. blood 6/11 elevated 

Serum protein—total, gm./100 ce None 
Albumin 4 1/12 elevated; 

2/12 depressed 
None 
None 


The cats and dogs exhibited anorexia at some time during the exposure period. 
Other toxic signs observed were hyperventilation by the dogs, increased breathing 
sounds and efforts among the rats, a nasal discharge in both dogs and rats, and con- 
vulsions resembling the anoxic type preceding death of the guinea pigs and mice. 

Among subjects of all species, death was preceded by marked weight loss. All 
the cats lost weight, the losses ranging from 12 to 34% of their preexposure weights. 
Likewise, all the dogs exhibited weight losses, ranging from 8 to 20%. The guinea 
pigs and rabbits that survived the entire period of exposure gained weight steadily. 
The 14 female mice that survived displayed an average loss of 16% of their initial 
group mean weight (23.0 gm.). The group of young male rats lost an average of 
6.6% of their initial group mean weight (147 gm.), while the corresponding group 
of young females gained. Among the one-year-old rats, the males exhibited a slightly 
greater average weight loss (22%) than did the females (19% ). 

Biochemical Findings.—In the search for changes that might serve as indices of 
beryllium poisoning or might provide a clue regarding the mechanism of the toxic 
action of this element, blood samples obtained once weekly from each of the six dogs 
were analyzed to determine plasma fibrinogen, serum protein, serum alkaline phos- 
phatase, and blood urea nitrogen concentrations. The data obtained in these studies 
are summarized in Table 2. It will be seen that for these dogs a significant propor- 
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tion of the plasma fibrinogen, serum alkaline phosphatase, and urea nitrogen concen- 
tration values were elevated above the preexposure mean by more than twice the 
standard deviation of the latter. Four dogs exhibited maximal serum alkaline phos- 
phatase concentrations after exposure from three to five days, one of them dying 
at this time. The maximal value for another dog was reached after exposure for eight 
days. Maximal elevation of plasma fibrinogen concentration occurred after exposure 
of two dogs for 5 days, and three others showed a similar peak between the 8th and 
10th days. All dogs that survived long enough displayed elevated blood urea nitrogen 
concentrations after the fifth day of exposure. Lowered serum albumin and total 
protein concentrations were obtained for two dogs after exposure for three days, fol- 
lowing which the values returned to the normal range. Since no corresponding 
change occurred in the serum globulin concentrations of these dogs, the albumin- 
globulin ratios were depressed concomitantly with the decrease in albumin concen- 
tration. 

Complete blood cell counts and the hemoglobin concentrations and hematocrits 
of blood samples obtained twice weekly from each of the six dogs showed moderate 
increase in the red blood cell and leucocyte counts but little change in hemoglobin 
concentration of the whole blood or in packed cell volume. 


Because of the high mortality and the severity of toxic signs in the surviving 
animals, the experiment was terminated on the 15th calendar day (63 exposure 
hours). 

Lesions in the lungs of some species were the only effects of beryllium fluoride 
observed. There were no gross pathologic changes in the lungs of the cats, guinea 
pigs, and mice. Slight to moderate pulmonary edema and congestion were seen in 
the rats, rabbits, and dogs, and in the latter, areas of consolidation were also noted. 
Microscopic examination of the lung sections from guinea pigs and mice revealed 
no changes definitely attributable to the inhaled beryllium fluoride. In the other four 
species, inflammatory pulmonary lesions (intracellular and intercellular edema) 
were observed that were similar to those previously described in animals exposed 
to beryllium sulfate and beryllium oxide,? comprising interstitial infiltration of mono- 
nuclear cells and scattered foci of consolidation resulting from intra-alveolar accumu- 
lation of phagocytes, including a few neutrophile leucocytes. The severity and extent 
of the lesions varied considerably in the different species and somewhat among sub- 
jects of the same species. In general, the pathologic findings in the rats were mini- 
mal; those in the rabbits and cats were intermediate ; and the dogs exhibited by far 
the severest and most extensive changes. 


Exposure To 1 Mc. or BeryL_tiumM FLvuoripe PER Cupic METER 


Mortality —Exposure to beryllium fluoride mist at a concentration of approxi- 
mately 1 mg./m.* proved lethal only to rats and to 3 of 14 dogs. One dog died after 
exposure for 116 hours in 29 calendar days, another after 228 hours of exposure in 
56 days, and the third after 290 hours in a 70-day period. 


Male rat mortality appeared to have a body-weight (age) dependence (Table 3) ; 
animals above 285 gm. average initial body weight showed an appreciably greater 
susceptibility to beryllium fluoride. 


Anorexia, increased breathing effort, and weight loss were common findings in 
dogs during the first three weeks of exposure; cats showed anorexia but no other 
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manifestations of exposure effects. Dogs fed Lextron '' showed no striking improve- 
ment over those not so fed. Rabbits gained weight steadily throughout exposure. 

Biochemical Findings——Alkaline phosphatase and serum calcium and_ phos- 
phorus concentrations determined weekly from each of the initial group of six dogs 
showed no significant changes. The plasma fibrinogen concentration in the blood of 
the two dogs that died increased at first, then returned to the preexposure value pre- 
ceding death. The remaining four dogs exhibited significantly elevated plasma fibrin- 
ogen concentrations between the 9th and 17th calendar days of exposure, followed 
by a gradual return to preexposure values and a second rise and fall between the 
117th calendar day and the termination of the experiment. Only minimal changes 
occurred in the serum protein concentrations. There was a slight increase of albumin 
and a correspondingly small decrease of globulin, with the result that the albumin- 
globulin ratio increased somewhat. After six and one-half months of exposure, elec- 
trophoretic patterns of the sera of two dogs * showed no significant variation from 
normal, however. The albumin-globulin ratios were in the low normal range, being 
0.7 and 0.8, respectively. 

Serum protein concentrations were determined upon blood samples taken from 
three rabbits at two-week intervals during a four-month exposure period. All 


Taste 3.—Male Rat Mortality at One Milligram of Beryllium Fluoride per Cubic Meter 


Av. Initial Mortality 


Exposure 
ane _No. Dead_ 
Hours No. Exposed 


exhibited an increase in total protein concentration between the 20th and 66th cal- 
endar days of exposure. Albumin concentration in the sera of two rabbits increased 
after the 66th day, while in the third animal there was a decrease of albumin at about 
this same time, followed by a sharp rise to nearly 5 gm./100 ce. for the remainder 
of the period of study. The globulin concentration in the sera of all three rabbits 
remained reasonably constant at 2 to 3 gm./100 cc. In two animals the albumin- 
globulin ratio increased slightly. 

The increase in urinary uric acid as related to urinary creatinine proved to be a 
reliable indicator of the exposure of dogs to beryllium.’* Urinary uric acid levels 
increased rapidly after the start of exposure, dropped to normal during a non- 
exposure period of one week, rose during reexposure, and decreased again on termi- 
nation of the experiment. A brief inhalation study with hydrogen fluoride gas sug- 
gested that the fluoride ion per se does not produce the changes found with beryllium 
fluoride, but the experiment was not of sufficient scale to be conclusive on this point. 


11. Lextron is a liver-stomach concentrate fortified with ferrous iron and manufactured by 
E. Lilly Co. 


12. Data obtained under the supervision of Dr. Eric Alling. 
13. Spiegl, C. J.; LaFrance, L. J., and Ashworth, B. J.: Selected Blood and Urine Changes 
in Experimental Beryllium Poisoning, Unclassified Document UR-225, U. S. Atomic Energy 


Commission, 1952. Spiegl, C. J.; LaFrance, L. J., and Ashworth, B. S.: Blood and Urine 
Changes in Experimental Beryllium Poisoning, A. M. A. Arch. Ind. Hyg. 7:319, 1953. 


» 
Weight, 

Gm. % 

74 18 34/40 8&5 
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HEMATOLOGY 


Hematologic Studies—The anemia characteristically associated with acute 
experimental beryllium poisoning was more pronounced with beryllium fluoride mist 
than with either BeSO, mist or BeO dust. The details of the hematologic findings 
have been reported previously,’* but in general they include the following: (1) a 
decrease in the erythrocyte count of approximately 1.5 & 10° cells/mm.* in the rabbit 
and from 2.3 to 3.5 & 10° cells/mm.* in the dog; (2) a decrease in hemoglobin of 
approximately 2 gm. per 100 cc. in the rabbit and from 3 to 7 gm. per 100 cc. in the 
dog, and (3) an increased mean corpuscular volume of 28 p»* in the rabbit and from 
31 to 47 »’ in the dog. 

Attempts to modify the anemia of the dogs with blood supplements (vitamin 
By, Lextron, and folic acid) were not rewarding. A feature distinctive of beryllium 
fluoride poisoning in dogs fed Lextron was the tendency for the number of filamented 
(mature) polymorphonuclear leucocytes to increase, while the number of nonfila- 
mented (immature) polymorphonuclear leucocytes decreased. A similar but less 
marked shift occurred in the differential leucocyte counts of the dogs that did not 
receive Lextron during the exposure period. In addition, a finding of unknown sig- 
nificance was the appearance of typical “foamy” lymphocytes in all four dogs studied. 

At the conclusion of the exposure period, red cell stroma analyses performed 
upon samples from two dogs, one Lextron-fed and the other not, revealed normal 
values for all components.'® 

PATHOLOGY 


In all species, lesions attributable to the effects of inhaled beryllium fluoride were 
confined to the lungs; the latter were grossly normal in the rabbits and rats, in 3 
cats, and in 11 dogs. One cat had an abscess in the right lung, and scattered areas of 
gray consolidation were seen in both lungs of another. Varying degrees of consolida- 
tion, slight pulmonary edema, and some emphysema were noted in the lungs of two 
dogs that died during exposure. 

Microscopic examination of the tissues of most animals revealed pulmonary 
lesions similar to those resulting from inhalation of beryllium sulfate,** but there 
were no lesions in any other organs that could be attributed to the experimental 
procedure. The changes in the lungs were inflammatory in character, consisting of 
intra-alveolar infiltration of large monocytes, a few polymorphonuclear leucocytes 
and lymphocytes, and interstitial infiltration of monocytes and lymphocytes, par- 
ticularly around blood vessels, bronchi, and septa. No lesions attributable to inhaled 
beryllium fluoride were found in the lungs of two cats. The lesions in the lungs of 
the other three cats were graded as mild to moderate in severity. These animals were 
all killed within one week after the termination of a 100-day exposure period. The 
pulmonary lesions of the rabbits and of the rats were slight in extent and severity. 
Hemorrhage, edema, emphysema, and fibrosis were absent in the lungs of the rabbits. 
Small amounts of bronchial epithelial proliferation were noted in the lungs of the 
rats. Two rabbits were killed on the 4th day, two on the 21st day, two on the 40th 


14. Stokinger, H. E.; Stroud, C. A., and Root, R. E.: Anemia in Acute Experimental 
Beryllium Poisoning, J. Lab. & Clin. Med. 38:173, 1951. 

15. Tishkoff, G. H.; Robscheit-Robbins, F. S., and Whipple, G. H.: Red Cell Stroma in 
Dogs: Variations in the Stroma Protein and Lipid Fractions Related to Experimental Condi- 
tions, Blood 8:459, 1953. 
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day, and one on the 70th day after the termination of exposure during 422 hours 
in 102 calendar days. Three rats were killed immediately after exposure during 206 
hours in 50 calendar days, and three other rats were killed 41 days after the termina- 
tion of exposure for 100 hours in 24 calendar days. In neither species could the 
degree of healing be correlated with the period elapsing from the cessation of 
exposure to the time of death. 

Extensive consolidation was noted in the lungs of the three dogs that died spon- 
taneously. Alternate areas of moderate edema and emphysema were observed, with 
some bronchial epithelial erosion and other areas of proliferation. The tracheo- 
bronchial lymph nodes were enlarged, and the sinusoids contained numerous mono- 
nuclear phagocytes similar to those seen in the lungs but with occasional small 
brownish-stained granules in the cytoplasm. Four dogs were killed after exposure 
for 210 hours in 47 calendar days. These dogs exhibited pulmonary lesions very 
similar to those of the animals that died spontaneously. The lesions were moderate 
in three of the dogs and severe in the fourth. A small amount of early fibrosis was 
observed in the interstitial tissue in the lungs of these animals. In the lungs of two 
dogs that were killed after exposure for 360 hours in 87 calendar days, evidences of 
acute inflammation were absent, and the general extent and severity of the lesions 
were considerably reduced. The lungs of four other dogs killed after 854 hours 
of exposure in 207 days presented a somewhat similar appearance. Foci of fibrosis 
involving chiefly the interstitial tissue were apparent in the lungs of all these dogs. 
Bronchial epithelial erosion and proliferation were absent. In this group of animals, 
the cytoplasm of the phagocytes in both the lungs and the tracheobronchial lymph 
nodes was granular and yellow-staining, occasionally containing large clumps of 
brownish-staining amorphous material which stained for iron. Numerous round foci 
of necrosis surrounded by scar tissue were seen in the lungs of one dog, and a similar 
large necrotic area was found in a lymph node. No lesions attributable to the effects 
of beryllium were found in the lungs of one dog that was killed after exposure for 
360 hours in 87 calendar days. In general, it appeared that healing of the pulmonary 
lesions of dogs takes place rapidly after exposure is stopped, with only foci of 
scarring and emphysema remaining. 

Beryllium Deposition in Tissue —Analysis of tissues for beryllium and fluoride 
has yielded considerable information concerning deposition in the organs of the four 
animal species used in this study. The beryllium content of the tissues was determined 
spectrographically.'® Fluoride analyses were performed by a modification '* of the 
methods of Willard and Winter,'* involving distillation and titration with acidified 
thorium nitrate in the presence of sodium alizarin monosulfonate, as described by 
Smith and Gardner.’® 


16. Performed by Dr. L. T. Steadman, Department of Radiation Biology. 

17. Flagg, J. F.: Analytical Methods for Determining Uranium and Fluorine, in Pharma- 
cology and Toxicology of Uranium Compounds, edited by C. Voegtlin and H. C. Hodge, 
National Nuclear Energy Series, New York, McGraw-Hill Book Company, Inc., 1949, Div. 6, 
Vol. 1, Chap. 2. 

18. Willard, H. H., and Winter, O. B.: Volumetric Method for the Determination of Flu- 
orine, Indust. Engin. Chem., Anal. Ed. 5:7, 1933. 

19. Smith, F. A., and Gardner, D. E.: A Comparison of the Thorium Nitrate Back-Titra- 
tion and the Salt-Acid Thorium Titration for the Determination of Fluoride, Arch. Biochem. 
29:311, 1950. 


i 


STOKINGER ET AL—TOXICITY OF BERYLLIUM 501 


Appreciable accumulation of beryllium occurred in dogs in 5 of 12 tissues 
examined. The data are presented in Table 4 for those tissues showing accumula- 
tion; the remaining tissue analyses are grouped at the bottom. It can be seen that 
the rate of deposition in the lungs and the pulmonary lymph nodes increased with 
the duration of exposure. In the three groups of animals exposed during 47, 87, 
and 207 calendar days, the rates of accumulation of beryllium averaged 0.013, 0.089, 
and 0.062 y per gram of fresh lung tissue per calendar day for the three periods, 
respectively. The rates of accumulation in the pulmonary lymph nodes were some- 


TaBLe 4.—Deposition of Beryllium in Tissues of Dogs Exposed to 1 mg. 
of Beryllium Fluoride Mist per Cubic Meter 


Beryllium Content of Fresh Tissue (vy Be/Gm. Tissue) 
Dura- 
tion of Pul- 
Exposure, monary 
Calendar Lymph 
Dog. No Days Node Liver Epiphysis Shaft Marrow 
1523 47 0.10 
1578 es wee 0.49 
157 oe 1.05 
1580 ee 0.53 
1362 26 0.45 
1519 
1560 
Average 
1437 
1518 
1587 
1538 
Average 


Range of Be Content 
(y Be/Gm. Tissue) 

0.12-0.48 

0.05-0.33 

0.08-0.17 

; 0.04-0.11 

Pancreas ; 0.01-0.04 
Adrenals 0.02-0.03 


what higher, averaging 0.035, 0.18, and 0.23 y per gram of fresh tissue per calendar 
day for the same three periods. It will be noted, however, that the rate of accumula- 
tion tended first to increase, then to decrease in the lungs, liver, epiphyses, and mar- 
row, but it continued to increase in the pulmonary lymph nodes and the femoral 
shaft as the exposure period was lengthened. 


Of the tissues in which beryllium accumulated, bone contained the third largest 
amount per gram of fresh tissue, being outranked only by the lungs and the pul- 
monary lymph nodes. Nearly twice as much beryllium was found in the femoral 
epiphysis as in the liver. The ratio of the quantity deposited in the femur, liver, and 
rib to that in the lungs and pulmonary lymph nodes tended to decrease as the period 
of exposure was increased. However, the deposition in the femoral epiphysis *° was 
greater than in the shaft, the relation between the amounts of beryllium found in the 


20. The specimens of femoral epiphysis from dogs comprised the head and 1 in. (2.5 cm.) of 
the shaft; in other species similar proportions were taken. 


Rib 
0.45 
147 
1.13 
1.20 
1.32 
1.28 
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two portions averaging about as 4:1. In those instances in which the rib was ana- 
lyzed, the beryllium content was intermediate between that of the epiphysis and shaft 
of the femur. The marrow was analyzed, because its blood-forming components are 
probably involved in beryllium-induced anemia; the quantity of beryllium found 
rarely exceeded 0.5 y per gram of fresh tissue. 

The beryllium content of the various tissues differed widely in individual ani- 
mals. The greatest spread was in the values obtained for the pulmonary lymph 
nodes, in which also the greatest concentrations were found. In a single animal, 
there was no consistent relationship between the quantity of beryllium found in the 
pulmonary lymph nodes and that found in the lungs. Of the tissues showing no 
appreciable accumulation, the beryllium content of the spleen was highest, followed, 
in order, by the kidney, thyroid, stomach, pancreas, and adrenals. 

Species differences in the amount of beryllium deposited as well as in its dis- 
tribution were pronounced and are illustrated in Table 5. Data for the rabbit and 


Tasie 5.—Comparative Deposition of Beryllium in Animals* Exposed to 1 mg. 
of Beryllium Fluoride Mist per Cubic Meter 


Rabbit 


Lung /femoral epiphysis 
Lung /liver 
Lung / kidney 


* Results are means for two to five animals. 
+ Approximate values. 


the cat are particularly interesting, because both species were of about the same 
weight and were exposed for the same length of time (102 days). In the rabbit, the 
lungs contained approximately two and one-half times as much beryllium per gram 
of fresh tissue as did those of the cat; the kidneys contained equal amounts, while 
the femoral epiphysis and liver were lower by factors of 9 and 16, respectively. These 
differences between the two species remained even when the data were recalculated 
in terms of the total beryllium content of the organs and systems. On this basis, 
assuming that the femur is representative of skeletal structures, the skeletal content 
in the cat represented about 79% of the total beryllium recovered from the four 
tissues examined, in comparison with only about 10 to 11% in the rabbit. The dif- 
ferences in the pulmonary beryllium content in the two species tended to be empha- 
sized by this treatment of the data. Whereas the skeletal weights represent almost 
identical proportions (12.7 and 12.4%, respectively) of the body weights in cats 
and rabbits, the ratios of lung weights to body weight (0.5 and 1.2%, respectively ) 
are quite different.” 


21. Skelton, H.: Storage of Water by Various Tissues of the Body, Arch. Int. Med. 40:140, 
1927. 


Cat Dog Rat 
7/Gm. 
Organ 
0.25 22 1.37 3.00 0.51 
Ratio 
gee 400 10 4 5 330 
400 205 21t 66 
| 
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In an effort to obtain either a decrease in deposition or an increased rate of 
elimination of Be in tissue, the tissue content of Be was determined in rats that had 
been placed on a dietary intake 50% of normal and also in those that had 2% 
succinylsulfathiazole (Sulfasuxidine) added to this restricted diet. Analyses made 
on the lungs, liver, kidneys, and femur of such animals after 35 days of exposure 
and for three periods thereafter up to 12 weeks failed to show any significant effects 
of such dietary modifications. 

Fluoride Content of Tissues—In Table 6 are summarized data that compare 
the beryllium and fluoride contents of the blood of dogs after varying periods of 
exposure and of four critical tissues taken from these animals at the conclusion of 
the experiment. In the blood, the total fluoride and beryllium concentrations aver- 


TaBLe 6.—Fluoride and Beryllium Contents of the Blood and Tissues of 
Dogs Exposed to 1 mg. of Beryllium Fluoride per Cubic Meter 
Values Reported Represent Average of Data for Four Dogs 


Period of 
Exposure, 
Calendar 

Tissue Units Fluoride Beryllium 

Blood 4/100 ml. 

Blood. ml. 

Blood ml. 

Blood 100 ml. 

Blood ml. 

Blood 100 ml. 

Blood 100 ml. 

Blood 100 ml. 

Blood 100 ml. 

Femoral gm. ash 

epiphysis 
Lung 


2 


‘gm. fresh 
tissue 

Kidney fresh 
tissue 

Liver em. fresh 
tissue 


aged 18.0 and 5.6 y per 100 ml., respectively, for the six animals in which both 
elements were determined. This represents a mole ratio of 1.5 F. to 1.0 Be, or 1.7 
to 1.0 when individual mole ratios are averaged. 

Somewhat different results are obtained when the normal blood fluoride con- 
centrations are subtracted from the total. A mean of about 6.4 y per 100 ml. was 
obtained in this laboratory in 87 determinations on the blood of normal dogs, and 
the average excess blood fluoride attributable to exposure in the six cases mentioned 
above was 11.6 y/per 100 ml. Consequently, on this basis the mole ratio of F to 
Be is 1.0 to 1.0, or 1.1 to 1.0 for the average of individual ratios. 

The mean blood fluoride concentration was 18.5 y per 100 ml. for exposed dogs 
as contrasted with 6.4 for controls. 

In the tissues, there was no correspondence between the beryllium and the 
fluoride contents. The molar concentration of fluoride in the lung was only 0.1 that 
of beryllium, i. e., beryllium was preferentially retained, while in the femoral epi- 
physis the quantity of fluoride deposited was nearly 450 times that of beryllium on a 
molar basis. The ratio of the molar concentration of fluoride to beryllium in the liver 
and the kidney was 0.21 and 2.8 respectively. 
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COMMENT 


The results of these studies clearly indicate that beryllium fluoride is acutely 
more toxic than either the sulfate or the oxide of this metal. Whereas exposure of 
seven species of animals to 10 mg./m.° of beryllium sulfate for 95 days proved lethal 
to only rats,** significant mortality occurred among dogs, guinea pigs, mice, and 
rats exposed to the same concentration of beryllium fluoride for only 15 days. No 
deaths occurred among dogs exposed to 10 mg./m.° of beryllium oxide dust for 40 
days.*” Comparing the mortalities during exposure to a concentration of approxi- 
mately 1 mg./m.*, beryllium sulfate caused no deaths among seven species in a period 
of 100 days, whereas three dogs exposed to beryllium fluoride died after 29, 56, and 
70 days, respectively. 

Although beryllium fluoride is more toxic, the picture of acute beryllium poison- 
ing is the same for the sulfate and the fluoride. As in previous studies of the acute 
toxicity of beryllium compounds,’ lesions attributable to the effects of inhaling 
beryllium fluoride were confined to the lungs in all species. The changes in the lungs 
were inflammatory in character, resembling those resulting from the inhalation of 
beryllium sulfate. After exposure to 10 mg./m.° of beryllium fluoride, the severity 
of the pulmonary lesions was about equivalent to that seen in animals of the same 
species exposed to 50 to 100 mg./m.* of beryllium sulfate. 

The outstanding laboratory findings were the progressive development of hema- 
tologic changes suggestive of macrocytic anemia and the rapid rise in urinary uric 
acid in dogs and rabbits. The severity of anemia produced was greater than in 
previous studies of the effects of beryllium sulfate mist ** and of beryllium oxide 
dust.*” A feature of the anemia developing after exposure to beryllium fluoride was 


the shift in the proportion of mature and immature polymorphonuclear leucocytes, 
the former tending to decrease and the latter to increase. This has not been reported 
previously in beryllium-induced anemia. 


The urinary uric acid changes appear consistent with the evidence that beryllium 
may affect pituitary or adrenal cortex function. Acutely poisoned dogs showed the 
pattern of increased urinary uric acid excretion that occurs in man after treatment 
with corticotropin. In addition, it has been reported that corticotropin or cortisone 
injection gave at least symptomatic relief in chronic cases of beryllium poisoning 
in man.*? 

Tissue analyses for beryllium content suggest that there are species differences 
in the rate and possibly in the manner in which inhaled beryllium fluoride is mobi- 
lized from the primary site of deposition in the lung and distributed to the tissues 
or excreted in the urine and feces. 

In Table 7 the average beryllium contents of four tissues of dogs exposed to 1 
mg./m.° of beryllium fluoride for 87 days are compared with similar data for this 
species obtained in previous studies of beryllium sulfate and beryllium oxide.? The 
tissues chosen for comparison were those in which the greatest deposition occurred. 
The difference in the manner in which an insoluble beryllium compound is handled 
within the animal body after inhalation, when compared with the disposition of the 
two soluble beryllium compounds, is illustrated. Only a very small fraction of the 
inhaled beryllium oxide appeared in tissues other than the primary site of deposition, 


22. Kennedy, B. J.; Pare, J. A. P.; Pump, K. K., and Stanford, R. L.: Effect of Adrenocor- 
ticotropic Hormone (ACTH) on Beryllium Granu'omatosis, Canad. M. A. J. 62:426, 1950. 
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in the lungs and the pulmonary lymph nodes, to which it was presumably trans- 
ported by lung phagocytes. A considerably greater proportion of both soluble 
beryllium compounds was distributed to the skeleton, liver, spleen, and kidneys. 
Moreover, the beryllium content of these tissues, in relation to the quantity in the 
lungs, was greater in the dogs exposed to beryllium fluoride than in those exposed 
to beryllium sulfate. This difference might be related to the relative dissociation of 
the two compounds. Whereas beryllium sulfate readily dissociates in aqueous solu- 
tions, a 1 M solution of beryllium fluoride is ionized only to the extent of about 2%, 
and a 0.002 M solution about 6%. Because of the greater ionization of beryllium 
sulfate, beryllium inhaled in this form might interact to a greater extent with sub- 
stances present in the lung tissue, forming insoluble compounds which would tend 
to be deposited and to remain in the lungs. Beryllium fluoride, on the other hand, 
might form soluble diffusible complexes which could be distributed to the tissues 


TaBLe 7.—Comparison of Average Beryllium Content of Tissues of Dogs 
After Inhalation of Soluble and Insoluble Beryllium Compounds 
Results Expressed as Percentages of the Beryllium Content (v/Gm.) of the Lungs 


Soluble 
A —, Insoluble 
Compound BeF2:2H20 BeSO.-6H20 BeO (400 C.)+ 


Duration of exposure, calendar days I 100.0 
Tissues: Lung . 100.0 
Pulmonary lymph node \ 116.0 
5.0* 
1.0 
13 
05 
5 


* Average of values for the head, 1 in. (2.5 em.) of shaft, and marrow contents. 
t Refers to temperature of calcination at which oxide was prepared. 


and organs of the body in the circulating blood. The data presented in Table 6 are 
not inconsistent with this interpretation. 


SUMMARY 


Pulmonary lesions have been produced in animals exposed daily to beryllium 
fluoride mist at concentrations of 10 and 1 mg./m.* These resemble closely the lung 
changes resulting from inhalation of beryllium sulfate. 


Beryllium fluoride is acutely more toxic than beryllium sulfate. Exposure to 
1 mg./m.* of BeF2 (190 y Be/m.*) resulted in lung damage in cats, dogs, rabbits, and 
rats roughly comparable in extent and degree to that produced by 10 mg./m.* of 
BeSO,4.6H20 (420 y Be/m.*). The severest and most extensive lesions occurred 


in the lungs of dogs, while the changes were minimal in rats and intermediate in 
cats and rabbits. 


Hematologic changes suggestive of the progressive development of macrocytic 
anemia occurred in dogs and rabbits during exposure to 1 mg. of BeF 2 per cubic 
meter. The anemia was severer than has been observed after inhalation of beryllium 
oxide dust or beryllium sulfate mist. Daily administration of a dietary supplement 
of Lextron failed to prevent the development of anemia in dogs, and vitamin Byes 
alone in the dose regimen employed (9 to 12 y in three and four doses at 48- and 


a. 
40.0 
100.0 
397.0 
0.61* 
0.60 
0.15 
0.22 
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72-hour intervals) proved of little prophylactic or therapeutic value. A feature of 
the anemia developing during exposure to beryllium fluoride was a decrease in the 
proportion of mature polymorphonuclear leucocytes in the circulating blood and a 
concomitant increase of immature forms. 

Urinary uric acid excretion appears to hold promise as an index of the degree 
of exposure to beryllium. 

Beryllium tended to accumulate in the lungs, pulmonary lymph nodes, liver, 
skeleton, and bone marrow of dogs. The rate of deposition in the lungs and the 
pulmonary lymph nodes increased with the duration of exposure. If the beryllium 
content of the femur may be taken as representative, deposition in the skeleton was 
greater in all four species studied than in any other tissue examined, with the excep- 
tion of the lungs and the pulmonary lymph nodes. The data obtained by spectro- 
graphic analysis of tissues for beryllium suggest that there are specific differences 
in the rate and possibly also in the manner in which inhaled beryllium fluoride is 
mobilized from the primary site of deposition in the lungs and distributed to other 
tissues or excreted in the urine and feces in cats, dogs, rabbits, and rats. 


In relation to the quantity of beryllium in the lungs, a considerably greater pro- 
portion was distributed to the skeleton, liver, spleen, and kidneys of dogs after 
inhalation of beryllium fluoride than was found in previous studies of the insoluble 
beryllium oxide or the soluble and readily dissociated beryllium sulfate mist. 


Prof. Harold C. Hodge, Head of the Division of Pharmacology and Toxicology, has shown 
continued interest and aid in these studies. 


SYSTEMATIC TOXICOLOGICAL ANALYSIS BY 
SPECTROPHOTOMETRIC METHODS 


Il. Nonalkaloidal Organic Compounds 


GEORGE W. ROCHE, MS. 
AND 


HAROLD N. WRIGHT, Ph.D. 
MINNEAPOLIS 


HE FUNDAMENTAL chemical methods of systematic toxicological analysis 

were developed about a hundred years ago, chiefly by Fresenius and von Babo,’ 
who in 1844 developed a method for the systematic analysis of inorganic poisons ; 
by Stas,? who in 1851 developed a method for the isolation of alkaloidal poison, 
and by Otto,* who in 1856 improved Stas’s method for the isolation of alkaloids 
and added a method for the isolation of nonalkaloidal organic poisons. 

These methods are extremely laborious and time-consuming, and although a 
hundred years of use has brought many minor refinements of the details of tech- 
nique, the Stas-Otto procedures continue to be used almost exclusively in routine 
toxicological analysis. And this is so in spite of the fact that there is hardly a 
single statement either in toxicology texts or in the literature as to the quantitative 
efficiency (or rather lack of it) of these extraction methods for specific poisons. 

The spectrophotometer has been developed extensively as an analytical tool in 
recent years. Fundamentally, all organic compounds possessing unsaturated link- 
ages or double bonds possess the ability to absorb energy in the ultraviolet and 
other wave-length ranges which are qualitatively characteristic for each compound. 
The ultraviolet-absorption curves of such organic compounds are therefore, in 
general, positively identifying characteristics having a high degree of sensitivity. 
Some difficulty in specific identification may occur in the case of very closely 
related compounds. 

Specific methods for the quantitative isolation and spectrophotometric determi- 
nation of a number of individual organic poisons, such as the barbiturates, have 
been developed and published, but no attempt appears to have been made to develop 
a procedure that would be applicable to the isolation, identification, and quantitative 
determination of “groups” of organic poisons, such as are encountered in routine 
toxicological analysis for unknown poisons. 


Presented at the meetings of the Federation of American Societies for Experimental Biology, 
Chicago, April 6 to 10, 1953. 


From the Department of Pharmacology, University of Minnesota Medical School. Mr. Roche 
is at present Laboratory Director, Minnesota State Bureau of Criminal Apprehension. 
1. Fresenius and von Babo: Ann. Chemie u. Pharmacie 49:308, 1844. 
2. Stas: Bull. Acad. ray. méd. Belg. 11:304, 1851. 
3. Otto: Ann. Chemie u. Pharmacie 100:44, 1856. 
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EXPERIMENTAL PROCEDURES 


An examination of the known solubility characteristics of the more commonly 
encountered nonalkaloidal nonvolatile organic poisons indicated that as a group 
they are most readily soluble in alcohol, next most readily soluble in chloroform, 
and slightly to moderately soluble in water. 

The standard Stas-Otto procedure involves alternate passage of the poison 
through an acid-aqueous and an alcoholic medium until most of the tissue contami- 
nants have been removed. Attempts to apply the Stas-Otto extraction method to 
the preparation of an extract suitable for spectrophotometric identification of the 
poison showed that this method of extraction carries along with it such large 
quantities of normal tissue constituents, many of which absorb strongly in the 
ultraviolet range, that identification of the poison could be made only when it is 
present in large amount, if at all. 

A similar finding was encountered when tissues were extracted directly with 
alcohol. 

The use of chloroform for extracting the poisons appeared much more promis- 
ing, because this solvent extracts much less in the way of tissue extractives than 
either water or alcohol. 

The following routine technique was finally adopted. 

Equal amounts, between 5 and 10 gm. or cc., of tissue and MclIlvaine’s buffer * at pH 7 were 
homogenized in a Waring Blendor for 10 minutes. Ten grams of homogenate was transferred 
quantitatively to a separatory funnel, and exactly 100 cc. of chloroform was added. The material 
was shaken continuously for 10 minutes and allowed to separate for about one-half hour. 


The chloroform layer was filtered through a dry filter paper and a suitable aliquot evaporated 
to dryness at 60 C. on the water bath. 


Although the chloroform extracts are sufficiently free from contaminants, the 
ultraviolet absorption curve cannot be determined in chloroform solution because 
chloroform, although a saturated compound, completely absorbs ultraviolet light 
at wave lengths below 250 mz.° 


For determination, the residue was taken up in alcohol, filtered through a dry filter, and made 
up to volume in a volumeteric flask of suitable size. The ultraviolet absorption curve was then 
obtained, in most instances over the range of 220 to 320 mz. The ultraviolet absorption curves 
were determined with the use of a Beckman DU spectrophotometer and the employment of cor- 
responding tissue blanks containing no poison as control. 

Characteristic curves were then obtained by plotting the per cent transmission, optical density, 
or extinction values obtained against the wave length. Concentration curves were obtained by 
determining the per cent transmission, or its equivalent, of a series of known samples at one or 
more of the wave lengths of maximal absorption. 


RESULTS 


The compounds tested, the wave lengths of their points of maximum absorption, 
the range of concentrations over which satisfactory quantitative determinations 
can be made, and the average percentage recovery from known samples added to 
liver are summarized in the Table, and the characteristic absorption curves of the 
individual compounds in various solvents (alcohol, dilute alkali, and water), 
plotted as extinction values against wave length, are shown in Charts 1 to 4. 


4. McIlvaine, T. C.: J. Biol. Chem. 49:183, 1921. 
5. Brode, W. R.: Chemical Spectroscopy, Ed. 2, New York, John Wiley & Sons, Inc., 1943. 
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Since the various compounds differ not only in their absorption at various 
wave lengths but also in their quantitative absorption at the wave lengths of maxi- 
mal absorption, each compound is determinable either qualitatively for identification 
purposes or quantitatively at the peak wave length only over a limited range of con- 


Points of Maximum Absorption, Ranges of Determinable Concentrations, and Percentage 
Recoveries of Nonvolatile Organic Poisons Determined Spectrophotometrically 


Points of Maximum Absorption in 
Aleohol, 0.5 N NaOH, Water, Concentr., Recovery, 
Compound Mu Ma Mu ¥/Ce. % 
Acetanilid 241 236 0.5-15 98 
Acetophenetidin 50.5 245 0.5-15 100 
Antipyrine ver 249 1-30 100 


Aminopyrine 
Acetylsalicylie acid 


Cinchophen eae a 
Neocinchophen ...............- 7.5 ; 0.5-10 
Aprobarbital 25 1-25 
Barbital 2% 1-25 
1-25 
Pentobarbital Sk 25 ; 1-25 
Phenobarbital 255 1-25 
Secobarbital 255 1-25 
1-30 
1-30 
Not determined 


Hexylresorcinol .............-- 28% ave 10-200 
Hydroquinone 225 5-50 
o-Nitrophenol 272.5 ‘an 27 1-40 60 
2,4-Dinitrophenol 36 0.5-20 32 
2,4,6-Trinitrophenol 5 0.5-20 0.5 
Aniline Not determined 


Paraphenylenediamine 0.5-15 50 


Picrotoxin 25 10-200 24 
Amphetamine 


Cinnamie ‘acid 269 
Benzoie acid 225 


269 


centration. The concentration curves are all straight lines of varying slope, and the 
steepness of the slope determines the range over which determinations can be made. 
Representative examples of these concentration curves for various ranges are 
shown in Chart 5. 

Coal-Tar Antipyretic and Analgesic Group—This group of drugs includes 
acetanilid, acetophenetidin (Phenacetin), antipyrine, aminopyrine (Pyramidon), 


| 
303 296 wad 
226 299.5 1-30 7 
276 eee 
45 
90 
100 
5-100 
5-100 
5-100 
100 
5-100 
5-100 
5-100 
5-100 
66 
98 
264 eee eee eee 
1-30 100 
10-200 4 
272 269 || eee 
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sodium salicylate and salicylic acid, acetylsalicylic acid (aspirin), cinchophen 
(Atophan), and neocinchophen (Tolysin). Besides their medical use on prescrip- 

tion, most of these drugs are encountered in proprietary preparations consumed in 
large quantities by the public for the relief of headache, neuralgic and neuritic pains, 
painful menstruation, and high temperature. 
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Chart 1.—Ultraviolet absorption curves for 
(a) acetanilid: 10 v¥/ce. in alcohol , in 0.5 N NaOH ———. ., and in water 


(b) acetophenetidin: 5 ¥/cc. in alcohol , in 0.5 N NaOH ——. ., and in water 


(c) antipyrine: 10 ¥/cc. in alcohol and in water ———— 
(d) aminopyrine: 10 Y/cc. in alcohol and 20 v/ce. in 0.5 N NaOH ———. ———. 
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Acetanilid, acetophenetidin, antipyrine, and aminopyrine were all readily 
extracted by the procedure previously outlined, giving quantitative recoveries of 
98 to 100%. Their ultraviolet absorption curves in various solvents are shown 
in Chart la, b, c, and d. These compounds are all readily determinable in alcohol, 
dilute alkali, or water. Acetanilid and acetophenetidin can be determined in con- 
centrations between 0.5 and 15 y/cc., antipyrine and aminopyrine between 1 and 
30 y/ce. 

Acetanilid shows maximal absorption at 241 my in alcohol or dilute alkali and 
at 239 mp in water. Acetophenetidin has peak absorptions at 250.5 my in alcohol, 
at 245 my in dilute alkali, and at 244 my in water. Antipyrine has peaks at 223, 
244, and 271 my in alcohol and at 255 mp in water. Aminopyrine has peaks at 
237 and 274 my in alcohol and at 264 my in dilute alkali. 

Salicylic acid and acetylsalicylic acid are both very poorly extracted by chlor- 
oform, and so recoveries of only 2 and 7%, repectively, were obtained. Brodie 
and associates ® described a quantitative colorimetric method in which they extracted 
the salicylate from the tissues with ethylene dichloride, with recoveries of 94 to 
100%. Ethylene dichloride would appear to be the solvent of choice for recovery 
of salicylates. As with chloroform, this solvent would have to be evaporated off 
and the compound taken up in a nonabsorbing solvent for spectrophotometric 
determination. While not suitable for quantitative determination, the routine 
procedure we have described will isolate detectable amounts of salicylates for 
purposes of identification. 

The absorption curves are shown in Chart 4a. Salicyclic acid shows peak 
absorption at 235 and 303 my in alcohol, at 299.5 my in dilute alkali, and at 239 
and 300 mp in water. Acetylsalicyclic acid has absorption peaks at 226 and 276 mz 
in alcohol and at 299.5 my in alkali. These compounds are determinable in concen- 
trations from 1 to 30 to 40 y/cc. The concentration curve for acetylsalicylic acid 
is shown in Chart 5(6). 

Cinchophen and neocinchophen were recovered in 45 and 90% amounts, respec- 
tively. While not completely quantitative, these recoveries are probably as good 
as and possibly better than would be obtained by the Stas-Otto procedure. Their 
absorption curves are shown in Chart 2b. Cinchophen shows peak absorption at 
258 mp, neocinchophen at 267.5 mp when dissolved in alcohol. Both have steep 
concentration curves; so, quantitative determination is highly accurate but over 
a short range, 0.5 to 10-20 y/cc. The concentration curve for neocinchophen is 
shown in Chart 5(7). 

Barbiturates—The spectrophotometric determination of the barbiturates is 
already a well-established procedure.*? Barbiturates in aqueous solution show three 
characteristic absorption curves: (1) in acid solution, characteristic of the nonion- 
ized compound ; (2) at pH 10 to 10.5, characteristic of a single ionization, and (3) 
at pH’s of 12 or higher, at which there is additional ionization. Solutions in alcohol 
give the nonionized type of curve (Chart 2a). This covers a very narrow range 
of wave lengths and lacks a characteristic maximum. The absorption at pH 


6. Brodie, B. B.; Udenfriend, S., and Coburn, A. F.: J. Pharmacol. & Exper. Therap. 
80:114, 1944. 
7. Walker, J. T., and others: Am. J. Clin. Path. 18:451, 1948. Goldbaum, L. R.: J. Pharmacol. 
& Exper. Therap. 94:68, 1948. Gould, T. C., and Hine, C. H.: J. Lab. & Clin. Med. 34:1462, 
1949. 
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10 to 10.5 is characteristic and can be used for determination but is considerably 
changed by any deviation in pH beyond these limits. The curve at pH’s above 12 


is most characteristic and stable; determinations in 0.5% NaOH are given in 
Chart 2a. 
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Chart 2.—Ultraviolet absorption curves for 


(a) barbital: 500 ¥/ce. in alcohol ; barbital: 10 y/cc. in 0.5 N NaOH 
pentobarbital : 10 v/cc. in 0.5 N NaOH ———.. .., and thiopental (Pentothal) : 2.5 cae 
in 0.5 N NaOH 


(b) cinchophen 5 ¥/cc. in alcohol and neocinchophen (Tolysin) : 2.5 y/ce. 
in alcohol 


(c) A.N.T.U. (alpha-naphthyl thiourea): 10 y/cc. in alcohol ——— and 12.5 v/cc. in water 


(d) D.D.T. (p-dichlorodiphenyltrichloroethane) : 10 ¥/cc. in alcohol _—. 
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The results obtained are summarized in the Table. All barbiturates appear to 
be recoverable to the extent of more than 90% and are quantitatively determinable 
in the concentration range of 1 to 25 y/cc. The absorption curves of the 5,5’- 
disubstituted barbiturates are so similar to one another as not to permit differen- 
tiation with certainty in this manner. Goldbaum ® has suggested the differentiation 
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Chart 3.—Ultraviolet absorption curves for 

(a) o-nitrophenol: 10 ¥/cc. in alcohol and in water . 

(b) 2,4-dinitrophenol: 5 ¥/cc. in alcohol : .: 2,4,6-trinitrophenol (picric acid) : 
10 ¥/cc. in water , and hexylresorcinol : 25 ¥/cc. in alcohol 


(c) aniline: 10 Y/cc. in water ; hydroquinone: 20 v/ce. in alcohol ———- ———; 
phenol: 30 y/cc. in water 


(d) p-phenylenediamine: 5 ¥/cc. in alcohol , 10 ¥/ce. in 0.5 N NaOH ——— ———, 
and 5 v/cc. in water 


8. Goldbaum, L. R.: Analyt. Chem. 24:1604, 1952. 
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of individual barbiturates by (a) comparison of the ratios of their absorptions at 
wave lengths of maximal and minimal absorption and (b) comparison of their 
absorption curves at pH’s 10.5 and 12. 
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Chart 4.—Ultraviolet absorption curves for 
(a) acetylsalicylic acid: in water, 50 v/cc. , in 0.5 N NaOH, 20 v/cc. 
.., and in alcohol, 20 v/ce. —_ ; salicylic acid: in alcohol, 20 ¥/cc. ———... 

———...., and benzoic acid: in water, 10 y¥/cce. ._—-. 

(b) picrotoxin: in alcohol, 60 ¥/cec. ———; amphetamine (Benzedrine) sulfate: in alcohol, 
200 v/ce. 

(c) santonin: in alcohol, 10 ¥/cc. and in 0.5 N NaOH, 20 ¥/cc. ——-—.———. 

(d) cinnamic acid: in alcohol, 2 y/cc. ——— and in water, 2 Y/cc. ——n 
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A.N.T.U. and D.D.T.—A.N.T.U. (alpha-naphthyl thiourea) is used as a 
rodenticide particularly against the Norway rat, which is very susceptible to its 
effects. Many other animals, and presumably man, are not readily poisoned by it, 
although dogs are quite susceptible. D.D.T. (p-dichlorodiphenyltrichloroethane ) 
has found extensive use as an insecticide. The methods for the determination of 
these compounds previously described are colorimetric and in the case of D.D.T. 
at least are not specific. 


1,00 


25 
MICROGRAMS PER GCG 


Chart 5.—Concentration curves for representative compounds : 
(1) neocinchophen: in alchol, at 267.5 mu 

(2) trinitrophenol: in alcohol, at 360 mz# 

(3) A.N.T.U. in alcohol, at 288 meu 

(4) hydroquinone: in alcohol, at 294 mez 

(5) hexylresorcinol : in alcohol, at 282 

(6) acetylsalicylic acid: in alcohol, at 276 mu 


By the procedure previously described, D.D.T. was recovered in an average 
percentage of 98. It has an absorption peak at 236 mp in alcohol and is accurately 
determinable in concentrations between 1 and 30 y/cc. A.N.T.U. was recovered 
in an average percentage of 89, has an absorption peak at 288 my in alcohol and 
at 282 mp in water, and is determinable over the same range of concentrations. 
The concentration curve for A.N.T.U. is shown in Chart 5(3). 
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Phenolic, Nitro, and Amino Compounds.— Phenol is volatile and in routine 
toxicological analysis by standard methods would be isolated by steam distillation 
with the group of volatile poisons which fall outside the scope of this paper. Its 
absorption curve in water is shown in Chart 3c, with an absorption maximum at 
270 mu. Colorimetric methods are available for its microdetermination.® 

Hexylresorcinol and hydroquinone were recovered in detectable amounts, but 
the percentage recovery was too low for quantitative use, being 14 and 8%, respec- 
tively. Their absorption curves are shown in Chart 3, b and c. Hexylresorcinol 
has maximal absorption at 282 my in alcohol and is determinable over the concen- 
tration range of 10 to 200 y/cc. The concentration curve for hexylresorcinol is 
shown in Chart 5(5). Hydroquinone has peaks of absorption at 225 and 294 mp 
in alcohol and a determinable range of 5 to 50 y/cc. The concentration curve for 
hydroquinone is shown in Chart 5(4). 

The three nitrated phenols, o-nitrophenol, 2,4-dinitrophenol, and 2,4,6-trini- 
trophenol (picric acid), were tested. The absorption curves are shown in Chart 
3, @ and b. Nitrophenol shows a peak of absorption at 272.5 my in alcohol and at 
279 mp in water. The average recovery was 60%. Dinitrophenol showed an 
absorption peak at 361 my in alcohol. The average recovery was 32%. Trinitro- 
phenol (picric acid) showed an absorption peak at 360 my in alcohol and at 357 
mp in water. The average recovery, however, was only 0.5%. All are accurately 
determinable over a concentration range of 1 to 20 y/cc., but qualitative identifica- 
tion only would be possible with this procedure for dinitrophenol and trinitrophenol. 
The concentration curve for trinitrophenol is shown in Chart 5(2). 

Aniline, like phenol, belongs in the group of volatile poisons. Its absorption 
curve is shown for purposes of reference in Chart 3c. It has absorption peaks at 
230 and 280 my in water and at 230.5 and 281 my in dilute alkali. 

Paraphenylenediamine showed absorption peaks at 243 and 305 my in alcohol, 
at 240 and 305 my in dilute alkali, and at 239 and 300 mp in water. The absorption 
curves in the three solvents are shown in Chart 3d. Paraphenylenediamine is 
quantitatively determinable over a concentration range of 0.5 to 15 y/cc., and the 
average recovery was 50%. 

Miscellaneous Compounds.—Picrotoxin is widely used as a respiratory stimu- 
lant, and apart from being employed in occasional cases of poisoning from fish- 
berries, it is likely to be encountered in toxicological analysis because of its use in 
very large doses in the treatment of barbiturate poisoning. The absorption curve 
is shown in Chart 4). Picrotoxin shows peaks of absortpion at 253, 258, and 
264 mp in alcohol. Quantitatively, the absorption increases quite slowly, with 
increasing concentration giving a determinable range of 10 to 200 y/cc. The average 
recovery was 25%. 

Amphetamine (Benzedrine) sulfate has an absorption curve somewhat similar 
to that of picrotoxin. The absorption curve is shown in Chart 4b. Like picrotoxin, 
it has absorption maxima at 253, 258, and 264 mp. Quantitatively, the concentra- 
tion curve has a very low slope, giving a determinable range of 25 to 500 y/cc. The 
average recovery was only 5%. 

Santonin gave an absorption maximum at 240 my in alcohol and at 249 mp 
in dilute alkali. It was recovered 100% and is quantitatively determinable at con- 
centrations between 1 and 30 y/cc. The absorption curve is shown in Chart 4c. 


9. DeMeio, R. H.: Science 108:391, 1948. Gomori, G.: J. Lab. & Clin. Med. 34:275, 1949. 
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Cinnamic acid showed a peak absorption at 269 my in both alcohol and water. 
The absorption curves for both solvents are shown in Chart 4d. Cinnamic acid 
is determinable over a concentration range of 0.5 to 10 y/cc., and the average 
recovery was 50%. 

Benzoic acid showed absorption peaks at 227 and 272 my in alcohol, at 227 
and 269 mp in dilute alkali, and at 225 and 269 my in water. It is determinable 
over the concentration range of 10 to 200 y/cc. The average recovery was 14%. 
The absorption curves are shown in Chart 4a. 


SUMMARY 


A method has been presented for the isolation and qualitative identification by 
spectrophotometric means in the ultraviolet range of the nonalkaloidal nonvolatile 
organic poisons usually encountered in routine toxicological analysis. 

In addition, the recovery of the following compounds in this group is suffi- 
ciently high to permit their quantitative determination—acetanilid, acetophenetidin, 
antipyrine, aminopyrine, cinchophen, neocinchophen, all barbiturates, A.N.T.U., 
D.D.T., o-nitrophenol, p-phenylenediamine, santonin, and cinnamic acid. 

The following may be determined only qualitatively—acetylsalicylic acid, 
sodium salicylate, hexylresorcinol, hydroquinone, 2,4-dinitrophenol, 2,4,6-trinitro- 
phenol, picrotoxin, and benzoic acid. 

The characteristic ultraviolet absorption curves of the compounds in one or 
more solvents (water, dilute alkali, or ethyl alcohol) are shown, together with 
the wave lengths of their points of maximum absorption and the concentration 
ranges over which the various compounds are quantitatively determinable. 


SYSTEMATIC TOXICOLOGICAL ANALYSIS BY 
SPECTROPHOTOMETRIC METHODS 
Il. Alkaloidal Poisons 


ELEANOR BERMAN, M.S. 
AND 


HAROLD N. WRIGHT, Ph.D. 
MINNEAPOLIS 


HE STANDARD method for the isolation of alkaloidal poisons is still the 

one originally developed by Stas! and improved by Otto? approximately 100 
years ago. In spite of almost a century of use, there is scarcely a single published 
record of the quantitative efficiency of this method of extraction of alkaloidal poisons. 
Studies carried out by the students of one of us (H. N. W.) in a course in quantita- 
tive toxicological analysis have demonstrated that the recovery of strychnine and 
codeine by the Stas-Otto procedures does not average more than 50% of the 
added poison. 


In addition to the problem of isolation, the identification and quantitative 
determination of isolated alkaloids have presented many difficult problems, especially 


in view of the very limited amount of material available for use in most cases of 
forensic toxicological analysis. 

Protein and protein degradation products react with the standard “alkaloidal 
reagents” which, in any case, are nonspecific. Color reactions are given by some 
alkaloids but are not always specific; they may require appreciable amounts of 
material, and the tests themselves are often unsatisfactory when working with 
impure products extracted from tissues. 

Specific identification has usually been made by the formation of characteristic 
crystals with various reagents, a microprocedure that does not require large amounts 
of material, but the only available reference text * in this field has long been out 
of print, and the results obtained frequently are ambiguous. 

While specific methods are available for the quantitative determination of a few 
alkaloids, in most instances a simple weighing of the recovered poison forms the 
basis of the quantitative analysis. The necessity for purification by repeated solu- 
tion and extraction tends to materially reduce quantitative yields. 


From the Department of Pharmacology, University of Minnesota Medical School. 

Presented at the meetings of the Federation of American Societies for Experimental Biology, 
Chicago, April 6 to 10, 1953. 

1. Stas: Bull. Acad. roy. méd. Belg. 11:304, 1851. 

2. Otto: Ann. Chemie u. Pharmacie 100:44, 1856. 

3. Stephenson, C. H., and Parkers, C. E.: Some Microchemical Tests for Alkaloids, Phila- 
delphia, J. B. Lippincott Company, 1921. 


518 


BERMAN-WRIGHT—ANALYSIS-SPECTROPHOTOMETRIC METHODS 519 


Spectrophotometric determination, on the other hand, not only permits prac- 
tically certain and rapid identification of the alkaloidal poison but usually also 


permits simultaneous and accurate quantitative determination of even microgram 
range quantities. 


Extraction by the Stas-Otto procedure was found to yield extracts containing 
high concentrations of tissue extractives that absorbed light in the ultraviolet 
range, and identification of the alkaloids spectrophotometrically was possible only 
if they were present in large amounts. 


No procedure has as yet been found that will uniformly quantitatively extract 
all alkaloids. The following procedure has been found to yield tissue extracts 
satisfactory for spectrophotometric use and extracts a considerable number of 
alkaloids on a quantitative to semiquantitative basis. 


EXPERIMENTAL PROCEDURES 


A weighed sample of tissue, 5 to 10 ¢m., was homogenized for five minutes in a Waring 
Blendor with 25 cc. of N/10 hydrochloric acid. The homogenate was transferred quantitatively 
to a porcelain evaporating dish with the assistance of approximately 75 cc. of 95% ethyl alcohol. 
Two cubic centimeters of 10% sodium tungstate was added to complete protein precipitation. 
The mixture was extracted for approximately one-half hour on a water bath with frequent 
stirring, then filtered, and the filter washed several times with 10 cc. portions of ethyl alcohol. 
All filtrates were combined, and the alcohol evaporated off on the water bath. 

The residue was dissolved in 25 cc. of MeclIlvaine’s buffer * at pH 7 and transferred quan- 
titatively to a separatory funnel, another 25 cc. of buffer being used to complete the transfer. 
Fifty cubic centimeters of chloroform was added, and extraction with vigorous shaking was 
made for five minutes. After the layers had been allowed to separate, the chloroform layer was 
drawn off into a secondary separatory funnel and extracted for five minutes with 100 cc. of N/10 
hydrochloric acid. The acid aqueous layer was then cleared by centrifugation, and an aliquot 
was diluted with N/10 hydrochloric acid to a volume suitable for spectrophotometric determina- 
tion. For various alkaloids, this required final concentrations from 500 to less than 10 Y¥/ce. 
The spectrophotometric absorption curves were determined with a Beckman DU spectropho- 
tometer, with the use of corresponding tissue blanks containing no alkaloid as a control. 


RESULTS 

The absorption curves of the individual alkaloids are shown in Charts 1 to 3; 
typical examples of the concentration curves are shown in Chart 4+; and the wave 
lengths of maximum absorption and concentration ranges are shown in the Table. 

Strychnine, Brucine and Nux Vomica—Strychnine has been a frequent cause 
of suicidal, sometimes of criminal, poisoning. It is an all too frequent cause of 
accidental poisoning in children from the swallowing of cathartic pills containing 
strychnine. 

The ultraviolet absorption curves for strychnine and brucine are given in 
Chart la. Strychnine gives a sharp peak at 254.5 p, is determinable in concentrations 
between 5 and 100 y/cc. The average recovery was 80%. Brucine gives absorption 
peaks at 265 and 2O1 p, is determinable over the range of 5 to 100 y cc., and gave an 
average recovery at 51%. The concentration curve for strychnine at 254.5 p» is 
shown in Chart 4 (2). 

Veratrine-—Veratrum alkaloids are returning to medical practice, particularly 
in the treatment of hypertension, and may be expected to result in cases of 
accidental poisoning in children from these medications being left carelessly 
within their reach. 


4. McIlvaine, T. C.: J. Biol. Chem. 49:183, 1921. 


520 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The ultraviolet absorption curve for veratrine is shown in Chart la. It gives 
absorption peaks at 261 and 291 yp, is determinable over a concentration range of 
10 to 1,000 y/cc., and gave an average recovery of 20%. This recovery would be 
sufficient to establish identification but would, of course, be inadequate for quantita- 
tive determination. 


Atropine and Scopolamine and Solanaceous Plants—Atropine and scopolamine 
(hyoscine) are the principal alkaloids encountered in a group of solanaceous plants 


Wave Lengths of Peak Absorption, Ranges of Quantitative Determination, and Percentage 
Recoveries of Alkaloidal Poisons 


Wave Length 
of Peak Range of 
Absorption, Quant. Det., Recovery, 

Alkaloid ¥/Ce. % 
& 265, 301 5-100 61 
250, 306 1-100 21 
275 10-500 20 
284.5 10-1,000 76 
312 5-500 15 
270 5-100 45 
270 5-100 40 
245, 300 5-100 40 
285, 315 1-50 80 
227.5, 264 1-50 17 
266-270 500-5,000 0 


which includes the deadly nightshade (Atropa belladonna) henbaue (Hyoscyamus 
niger), and Jimson weed (Datura stramonium). More than 1,000 cases of poisoning 
are described in the literature, most of them accidental. 

The absorption curves for atropine and scopolamine (hyoscine) are shown in 
Chart 1b. Atropine gives peak absorption at 275.5 p, is determinable over the con- 
centration range of 10 to 1,000 y/cc., and recovery averaged 47%. Scopolamine 
shows maximum absorption at 251.5 yp, is determinable at concentrations of 100 to 
1,000 y/cc., and the average recovery was 94%. The concentration curves for 
atropine at 257.5 » and for scopolamine at 251.5 » are shown in Chart 4 (7 and 8). 

Curare Alkaloids —The crude mixture of curare alkaloids formerly used has now 
been largely replaced in medicinal use by the pure compound d-tubocurarine chloride. 
The ultraviolet absorption curve for d-tubocurarine chloride is shown in Chart 1c. 
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It shows peak absorption at 280 y, is determinable over the concentration range of 
5 to 100 y/cc., and gave an average recovery of 24%. This would be adequate for 
identification but would be unsatisfactory for quantitative determination. The con- 
centration curve for d-tubocurarine chloride at 280 » is shown in Chart 4 (3). 

Hydrastine —Hydrastine is the principal alkaloid of goldenseal (Hydrastis 
canadensis). It is related to the isoquinoline group of alkaloids found in opium. 
Overdose causes convulsions closely resembling those from strychnine. The ultra- 
violet absorption curve is shown in Chart lc. Hydrastine shows absorption peaks 
at 250 and 306 yu, is determinable over the concentration range of 1 to 100 y/ce., 
and gave an average recovery of 21%. 

Nicotine.—Nicotine preparations are widely used as insecticides, and many cases 
of accidental poisoning have arisen from this use. Nicotine is extremely poisonous, 
1 to 4 drops of the pure substance constituting a fatal dose for an adult. 

The absorption curve is shown in Chart lc. Nicotine shows peak absorption 
at 260 yp, is determinable over the concentration range of 5 to 100 y/ce., and gave 
an average recovery of 16%. Part of this low recovery was probably due to the 
volatility of the alkaloid, since no special precautions were taken during the heat- 
extraction process. 

Cocaine and Procaine.—Cocaine, procaine, and other local anesthetics have 
caused fatalities in their medical use. They are not frequently encountered in routine 
toxicological analysis, but identification of solutions that have been responsible for 
anesthetic accidents is sometimes requested. 

The ultraviolet absorption curves of cocaine and procaine are shown in Chart 1d. 
Cocaine gives absorption peaks at 233 and 275 » and is determinable over the con- 
centration range of 10 to 1,000 y/ce. Procaine shows a maximum at 275 » and is 
determinable over the range of 10 to 500 y/cc. The method described in this paper 
recovered 20% of added procaine but failed to give any determinable recovery of 
cocaine. The concentration curve for procaine at 275 » is shown in Chart 4 (4). 

The Opium and Related Alkaloids —Opium and its more important alkaloids, 
especially morphine and codeine, have been the cause of numerous cases of poisoning. 

The ultraviolet absorption curves of the important opium alkaloids and allied 
synthetic narcotics are shown in Chart 2. Morphine (Chart 2a) shows an absorption 
peak at 285 » and is determinable over the concentration range of 10 to 1,000 y/ce. 
Apomorphine (Chart 2a) shows peak absorption at 273 » and is determinable over 
the range of 5 to 1,000 y/cc. Codeine (Chart 2)) shows an absorption peak at 
284.5 » and has an absorption curve of the same general shape as that of morphine. 
It is determinable over the concentration range of 10 to 1,000 y/cc. Apocodeine 
(Chart 2) has an absorption peak at 271 » and is determinable over the concentra- 
tion range of 5 to 100 y/cc. Diacetylmorphine (heroin) has an absorption peak 
at 284.5 » (Chart 2a) like morphine and codeine, but has a much smaller maximum, 
and the concentration curve is notably less steep. The concentration curves for 
morphine and codeine at 285 » are shown in Chart 4 (5 and 6). 

In the isoquinoline group of alkaloids, papaverine (Chart 2c) has absorption 
peaks at 251, 285, and 310 » and is determinable over the concentration range of 
1 to 50 y/ce., while narcotine has an absorption peak at 312 » and is determinable 
over the concentration range of 5 to 500 y/ce. 
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Among the synthetic narcotics, meperidine (Demerol) (Chart 2d) has absorp- 
tion peaks at 279 to 290 » and is determinable over the concentration range of 10 
to 1,000 y/cc., while methadone (Chart 2d) has absorption peaks at 260 and 290 » 
and is determinable over the same concentration range. 

As a group, these alkaloids are very poorly extracted by the method we have 
used. Codeine is the only alkaloid in the group recoverable in anything like satis- 
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Chart 1.—Ultraviolet absorption curves for 

(a) strychnine, 32 /cc., .; brucine, 10 ¥/cc., 
(b) atropine, 1,000 ¥/cc., 
(c) d-tubocurarine, 12 ¥/cc., — 


(d) cocaine, 50 ¥/cc., 


, and veratrine, 10 ¥/cc., 


; scopolamine, 350 y/cc., 
; hydrastine, 10 ¥/cc., 


nicotine, 10 ¥/cc., 


; procaine, 100 ¥/cc.. ———. ———. 
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factory amounts, with an average recovery of 76%. Apocodeine was recovered to 
20%, papaverine and narcotine to 15%. This is adequate for qualitative identification 


but obviously unsatisfactory for quantitative work. Morphine, diacetylmorphine, 
meperidine, and methadone were not recovered in detectable amounts. 
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(a) morphine, 100 ¥/ce., ———.; diacetyl-morphine (heroin), 100 ¥/cc., ——— 
, and apomorphine, 10 ¥/cc., ——— 
(b) codeine, 100 ¥/cc., 


(c) papaverine, 10 Y/ce., 
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Xanthine Alkaioids—The ultraviolet absorption curves for caffeine, aminophyl- 
line (theophylline ethylenediamine), and theobromine calcium salicylate are shown 
in Chart 3a. Caffeine has a peak absorption at 270 ». Aminophylline has a peak 
of absorption at 266 p, the slight displacement of the peak probably being associated 
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Chart 3.—Ultraviolet absorption curves for 
(a) caffeine, 10 ¥/cc., ; aminophylline theophylline ethylene diamine, 14 ¥/cc., 
.; theobromine calcium salicylate, 10 ¥/cc., 

(b) physostigmine, 10 Y/cc., 


(c) quinine, 10 y/cc., - 
/cc., 


.; pilocarpine, 10 ¥/cc., 
quinidine, 10 ¥/cc., 


; cinchonine, 10 


(d) aconitine, 50 ¥/cc., ——-—; berberine, 10 v/cc., . ——.; coniine, 1,000 v/cc., 
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with the salt formation. Theobromine calcium salicylate has absorption peaks at 
235 and 270 pu. The first of these is due to the salicylate. The absorption curves of 
the alkaloids themselves are indistinguishable from those of caffeine and under con- 
ditions of extraction would be so determined. All are determinable over the concen- 
tration range of 5 to 100 y/cc. The average recoveries were for caffeine, 10% ; for 
aminophylline, 45%, and for theobromine, 40%. The concentration curve for caffeine 
at 270 » is shown in Chart 4 (7). 


Physostignine—The absorption curve for physostigmine is shown in Chart 3b. 
Peaks of absorption occur at 245 and 300 yp, it is determinable over the concentration 
range of 5 to 100 y/cc., and the average recovery was 40%. 


MICROGRAMS BER cc 


Chart 4.—Concentration curves for representative compounds in acid aqueous solution: (1) 
caffeine at 270 «; (2) strychnine at 254.5 «; (3) d-tubocurarine at 280 “; (4) procaine, at 275 


#; (5) morphine at 285 #; (6) codeine at 285 4; (7) atropine at 257.5 4, and (8) scopolamine 
at 251.5 mu. 


Pilocarpine.—The absorption curve for pilocarpine is shown in Chart 3b. Peak 
absorption is shown at 265 p, and the compound is determinable over the concentra- 
tion range of 10 to 1,000 y/cc. The extraction procedure described in this paper 
failed to extract a determinable amount of pilocarpine. This is probably connected 
with the strong tendency shown by pilocarpine to become adsorbed on proteins. In 
this connection, Sollmann ° states that “the activity of pilocarpine is destroyed by 


5. Sollmann, T.: Manual of Pharmacology and Its Applications to Therapeutics and Toxi- 
cology, Ed. 7, Philadelphia, W. B. Saunders Company, 1948, p. 327. 
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digestion with liver emulsions or serum, but active pilocarpine can be extracted from 
such mixtures by acidified alcohol. The inactivation is therefore probably an adsorp- 
tion phenomenon.” 

Cinchona Alkaloids.—In addition to the extensive medicinal use of quinine in 
the treatment of malaria and of quinidine in auricular fibrillation, quinine in particular 
finds extensive use in proprietary headache and related pain-relieving and fever 
temperature-lowering remedies. 

The absorption curves of quinine, quinidine, and cinchonine are shown in Chart 
3c. Quinine and quinidine both give peak absorption at 250 » and are determinable 
over the concentration range of 1 to 50 p. Since these two compounds are stereo- 
isomers, their energy-absorbing characteristics as displayed by their ultraviolet 
absorption curves ars so similar that they cannot be distinguished on that basis. 
The average recoveries were 51% for quinine and 60% for quinidine. Cinchonine 
has a quite different absorption curve, with peaks at 235 and 315 y», and is deter- 
minable over the concentration range of 1 to 50 y/cc. The average recovery was 
80%. 

Aconitine.—Although aconite is no longer widely used in medicine, the monks- 
hood (Aconitum napellus ) is still extensively grown as an ornamental garden shrub, 
particularly along the Pacific Coast. All parts of the plant are highly toxic. 

The absorption curve of its principal alkaloid, aconitine, is shown in Chart 3d. 
It shows peak absorption at 234 » and is determinable over the concentration range 
of 5 to 100 y/cc. Our method, however, failed to extract determinable amounts of 
this alkaloid. 

Berberine.—Berberine is encountered in a number of plants, especially the com- 
mon barberry ( Berberis vulgaris), and other species of Berberis, and in the golden- 
seal ( Hydrastis canadensis), and other Ranunculaceae, Papaveraceae, and Rutaceae. 
The alkaloid itself is a deep orange color and chemically is an isoquinoline derivative 
related both to hydrastine and to papaverine. 

The absorption curve is shown in Chart 3d. Berberine shows peaks of absorption 
at 227.5 and 264 » and is determinable over the concentration range of 1 to 50 y/ce. 
The average recovery was 17%. 

Coniine.—Coniine is one of the group of poisonous alkaloids contained in hem- 
lock. The absorption curve is shown in Chart 3d. Coniine gives a rather flat absorp- 
tion peak between 266 and 270 » and is determinable ove the concentration range 
of 500 to 5,000 y/ec. Our method failed to yield determinable amounts of this 
alkaloid. 

SUMMARY 


A method is described for the preparation of extracts from tissues having a 
degree of purity satisfactory for the spectrophotometric identification in the ultra- 
violet range of certain members of the large group of alkaloidal poisons, with 


particular reference to those compounds likely to be encountered in routine toxico- 
logical analysis. 


The following alkaloids were recovered in sufficient quantity (more than 40% ) 
to permit both identification and quantitative determination by spectrophotometric 
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methods—strychnine and brucine, atropine, scopolamine, codeine and apomorphine, 
aminophylline (theophylline ethylenediamine), and theobromine calcium salicylate, 
physostigmine, quinine, quinidine, and cinchonine. 

The following alkaloids were recovered in sufficient quantity for purposes of 
identification, but the quantitative recoveries (less than 25%) were inadequate for 
satisfactory quantitative determination—veratrine, d-tubocurarine, hydrastine, nico- 
tine, procaine, apocodeine, papaverine, narcotine, caffeine, and berberine. 

The following alkaloids were not recovered in detectable amounts, by the method 


described—cocaine, morphine, diacetylmorphine, meperidine, methadone, pilocarpine, 
aconitine, and coniine. 


The characteristic ultraviolet absorption curves for 30 alkaloids in acid aqueous 
solution are given, together with their wave lengths of peak absorption and the 
concentration ranges over which the various alkaloids are quantitatively determinable. 

Further researches on this entire group of alkaloids are in progress. 


PHARMACOLOGICAL STUDIES OF RADIOGERMANIUM (Ge') 
Il. Inhalation of Dusts 


COMMANDER H. C. DUDLEY (MSC), U.S.N. 


N THE earlier studies with germanium and radiogermanium,' it was shown by 

parenteral injection of suspensions of elemental germanium or germanium oxide 
that this element is, in general, biologically inert. After completion of these earlier 
studies the problem was presented to us by Harriet L. Hardee, M.D., of the 
possibility of the effect of inhalation of dusts containing germanium and their fate 
in the organism. Exposures of this nature may arise during the production of 
various electronic devices employing germanium crystals. 


Through utilizing pile-activated (Ge™ [n,y] Ge*') germanium and germanium 
oxide (GeO2), rats were exposed to atmospheres containing these materials, and 
the germanium content of the lungs, liver, and kidney was followed for a period of 
seven days after dusting by counting the 9 kv. y of Ge*! (11.4-day half-life). 


MATERIALS AND METHODS 


Germanium Oxide Dust—Commercially available GeO. (Eagle-Picher) was fused in an 
alundum crucible at 1500 C. This melt was cooled, chipped from the crucible, pulverized, and 
then ground in a ball mill with flint balls for four days. The product was a white powder; 
mean particle size was 0.45 #. Solubility was approximately 1.0 gm. of GeOz per liter of water. 

Elemental Germanium Dust—Commercially available cast germanium (Eagle-Picher) was 
pulverized and then ground in a ball mill with flint balls for four days. Mean particle size 
was 1,7 x. 

Activation Procedure—The finely divided materials described above were oven-dried at 
110 C. and then activated in the Brookhaven reactor for a period of 30 days at a mean neutron 
flux of 1 x 10!2 n/cm.2/sec. The charge was then allowed to age for 21 days to permit essentially 
complete decay of the 40-hour As77.18 After the aging was completed, the dusts were utilized in 
the animal experiments. 

Exposure Techniques——A closed animal exposure chamber was utilized to expose 30 rats 
simultaneously to the dust concentration. The finely divided material was introduced into the air 
stream of a motor-driven blower mounted inside the exposure chamber. The blower served to 


From the Radioisotope Laboratory, United States Naval Hospital, St. Albans, N. Y. 

This study was carried on in part at the Brookhaven National Laboratories, Upton, Long 
Island, N. Y., with the assistance of L. G. Stang, Jr., and W. David Small, of Brookhaven. 

The opinions or conclusions contained in this report are those of the author. They are not 
to be construed as necessarily reflecting the views or endorsement of the Navy Department. 

1. (a) Dudley, H. C., and Wallace, E. J.: Pharmacological Studies of Radiogermanium 
(Ge71), A. M. A. Arch. Indust. Hyg. 6:263-270, 1952. (b) Rosenfeld, G.: Colorimetric Method 
for Determination of Germanium in Biological Materials, Project NM 006-012.04, Report 45, 
Naval Medical Research Institute, 1952. (c) Rosenfeld, G., and Wallace, E. J.: Studies of 
Metabolism of Germanium, Project NM 006-012.04, Report 46, Naval Medical Research Institute, 
1952. (d) Rosenfeld, G., and Wallace, E. J.: Studies of Acute and Chronic Toxicity of Ger- 
manium, Project NM 006-012.04, Report 56, Naval Medical Research Institute, 1952. 
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disperse the dust and to keep the air within the chamber thoroughly mixed. A pumping arrange- 
ment was devised which caused 5 to 10 liters of air per minute to pass through the chamber 
and to be exhausted into a filtered hood vent. 

A relatively constant concentration of dust particles was maintained by introducing into the 
chamber atmosphere additional increments of dust every five minutes during the entire exposure 
time of one hour. No counts were made of the number of particles or the weight per unit 
volume, since the purpose of this experiment was to determine the relative rate of clearance of the 
Ge from the organism, and the preliminary trials, not outlined here, indicated rapid rates of 
elimination. 

Thirty rats were exposed for one hour, and five were killed at each period, 1, 4, 24, 48, 96, 
and 168 hours after completion of each dusting. The lungs, liver, and kidneys were removed 
immediately from the killed animals, and two samples of each tissue from each rat were placed 
in weighed planchets, dried at 110 C. to constant weight, reweighed, and the 9 kv. Y emission 
counted with the use of a windowless gas-flow counter (rate meter type, nucleometer). The 
observed counts were calculated as counts per minute per gram of dried tissue. This served to 
give a measure of the relative amount of germanium in the tissue sample, since all counts were 
corrected for decay (11.4-day half-life) to time of exposure. 
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Relative concentration of germanium in tissues following dusting with elemental Ge. 


RESULTS 


Radiochemical examination of the tissues of rats following exposure for one 
hour to an atmosphere containing elemental germanium dust (Ge*', mean particle 
size 1.7 ») indicates that this material in part rapidly enters the general circulation, 
appearing in the liver and kidneys within one hour after completion of the dusting. 
The rate of clearance of germanium from the lungs is exponential, with 52% dis- 
appearing within 24 hours and only 18% remaining seven days after the exposure. 
The kidneys and liver excrete the germanium and contain little more than tracer 
amounts seven days after the dusting. Details of the result are shown in the Chart, 
wherein the net counts of Ge*! per minute per gram of tissue are plotted against 
log time. The values shown are the mean of 10 tissue samples taken from five 
animals killed at each indicated period of time. 


The study of germanium oxide dust (Ge", mean particle size 0.45 ») produced 
essentially the same results as indicated above for the elemental Ge. The most 
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significant difference was the more rapid rate of clearance both from the lungs 
(79% in 24 hours) and from the liver and kidneys. At four and seven days after 
dusting, only trace quantities of germanium were found in the lungs, liver, and 
kidneys of the 10 rats examined. 

No irritation, gross pathological changes, or other adverse effects were noted 
in the results of the dustings. No deaths occurred in any of the animals during the 
observation period. 

The findings reported herein confirm the results of the earlier parenteral injec- 
tion studies with particulate Ge and GeO, ™ which indicated that this element has 
little toxic effect and seems to have no biological significance. 

The exponential nature of the rate of disappearance of Ge dust from the lungs, 
together with the rapid elimination of GeO», suggests that what is observed is the 
oxidation of the Ge, and the rate of this reaction is the controlling factor in the 
elimination. Elemental Ge is essentially insoluble, while GeO. has a small though 
appreciable solubility (1 to 4 gm. per liter of water). As previously cited," finely 
divided Ge when suspended in water at room temperature and in contact with 
atmospheric oxygen will be oxidized to GeO». 

The findings reported herein further support the conclusion that elemental 
germanium and germanium oxide do not constitute a significant acute industrial 
health hazard. However, the very toxic nature of the hydrides of germanium, 
particularly GeH,, and the presence of small amounts of arsenic and antimony in 
many samples of germanium certainly indicate that “good housekeeping” procedures 
are mandatory wherever germanium or its compounds are processed. 


SUMMARY 


Studies of the rate of clearance of germanium and germanium oxide dusts from 
the lungs of rats indicate that these materials are rapidly eliminated through oxida- 
tion and/or simple solution. 

The findings strengthen the earlier conclusions that elemental germanium or 
the oxide does not constitute an acute industrial hazard. Good housekeeping methods 
are mandatory, however, owing to possible presence of the hydrides of Ge, As, 
and Sb. 


The personnel of the Radioisotope Laboratory, particularly Carl J. Collica, HM 2 (U.S.N.). 
and Salvatore L. Cannone, HN (U.S. N. R.), rendered technical assistance. 


NOTE ON MICA DUST INHALATION 


HARRY HEIMANN, M.D. 
WASHINGTON, D. C. 


SAMUEL MOSKOWITZ, Ch.E., Ph.D. 
NEW YORK 
C. R. HARIHARA IYER, Ph.D. 


M. N. GUPTA, M.B., D.I.H. 
AND 


N. S. MANKIKER, B.Sc., B.E. 
NEW DELHI, INDIA 


N THE course of studying the problem of silicosis in the mica mining industry in 
Bihar, India,’ an opportunity was afforded to examine 61 workers in mica fac- 
tories, to which crude mica is brought for processing. During the mica processing, 
the exposure to dust is limited to muscovite mica only. This material contains less 
than 1% free silica. 

The dust concentrations to which most workers were exposed ranged from 2 
to 21 mppef, with an average of 10 mppef. A number of workers were doing what 
is known as sieving, an operation for sizing mica splittings. The dust concentra- 
tions at this operation ranged from 6 to 130 mppef with an average of 40 mppef. 
In one factory some workers were found whose job it was to pulverize scrap mica 
into powdered mica. Their exposure ranged from 44 to 300 mppef, with an average 
of 135 mppef. 

Only a few of the workers were exposed for more than five years. The medical 
examinations were the same as those done in the study of silicosis in mica mines." 
These included chest x-rays on 11 by 14 in. (28 by 35.5 cm.) films. The results of the 


reading of these x-rays showed no dust effect beyond the ground-glass 2 reading. 
Of the 61 workers examined, 20, or 32.8%, had linear exaggeration 2 readings; 
14, or 22.9%, had ground-glass 1 readings; and 27, or 44.3%, had ground-glass 2 
readings. The time-intensity factor (product of the average exposure in million 
particles per cubic foot of air and the time of exposure in years) for all workers was 
found to range from 50 to 1,440, with an average of 360. This corresponds with 


From the Office of the Chief Adviser Factories, Ministry of Labour, India. 

Dr. Heimann and Dr. Moskowitz were technical consultants to the United States Technical 
Cooperation Administration. Dr. Heimann is at present with the United States Public Health 
Service; Dr. Moskowitz is with the Division of Industrial Hygiene and Safety Standards of the 
New York State Department of Labor. 

1. Heimann, H.; Moskowitz, S.; Harihara Iyer, C. R.; Gupta, M. N., and Mankiker, N. S.: 
Silicosis in Mica Mining in Bihar, India, A. M. A. Arch. Indust. Hyg. 8:420, 1953. 
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an exposure to 20 mppcf, the present maximum allowable atmospheric concentra- 
tion,’ for a period of 18 years. Apparently, therefore, the generally accepted MAC 
is of the correct order of magnitude. 

These data are not quite in conformity with other reports of the effects of mica 
dust inhalation * in that in the present observations cases of nodular or conglomerate 
fibrosis were not observed. 


2. Threshold Limit Values for 1953, Special Reports, A. M. A. Arch. Indust. Hyg. 8:296, 
1953. 

3. Dreessen, W. L., and others: Pneumoconiosis Among Mica and Pegmatite Workers, 
Bulletin 250, Federal Security Agency, U. S. Public Health Service, 1940. Vestal, T. F.; Win- 
stead, J. A., and Joliet, P. V.: Pneumoconiosis Among Mica and Pegmatite Workers: A Sup- 
plementary Study, Indust. Med. 12:11, 1943. 
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CONNECTICUT PROGRAM FOR SAFE AERIAL APPLICATION 
OF PESTICIDES 


JAN LIEBEN, M.D. 
HARTFORD, CONN. 


HE AERIAL method of application of pesticides is one of increasing popu- 

larity. The reasons are not difficult to appreciate. While it took two men 
with a ground sprayer two days to cover 100 acres, it now takes aircraft 12 minutes 
to perform the same task.’ It is obvious that attention must be paid to the proper 
protection of pilots and ground crews engaged in the application of poisonous 
chemicals from the air. According to the Civil Aeronautics Administration 
(C. A. A. of the U. S. A.), 1,383 agricultural flying accidents occurred during the 
period 1948-1951. An analysis showed that in only 11 of these cases could the cause 
of the accident be definitely attributed to the effect of a chemical or other noxious 
agent. The C. A. A. believes that lower degrees of toxic action may be partly or 
wholly responsible for a much greater number of agricultural flying accidents. 


CONNECTICUT PROGRAM 


The Connecticut preventive program is based on Section 1620c of the 1953 
Supplement to the General Statutes, which makes the health department the licens- 
ing authority for crop dusting from the air. A copy of the law follows: 


Sec. 4835, Crop Dusting, of the General Statutes, Revision of 1949, amended as follows: 


Sec. 1620c (1953 Supplement to the General Statutes), Crop Dusting. The state department 
of health may, with the written approval of the superintendent of the state board of fisheries and 
game, the director of the Connecticut Agricultural Experiment Station and the director of 
aeronautics, issue to any licensed pilot a permit to fly aircraft in pest control operations including 
crop dusting, spraying and dispensing of insecticides and poisons. When the area to be dusted or 
sprayed is marshland, the applicant for such permit shall publish notice of his intent to obtain 
such permit at least twice in a newspaper having a circulation in the area to be sprayed, the first 
of such publications to be at least two weeks before such spraying and the second to be at least 
one week before such spraying. In case such permit is issued, said director of aeronautics may 
waive any regulations made by him concerning altitude of flight and the dropping of objects 
from aircraft; said director of the Connecticut Agricultural Experiment Station may specify 
the kind and amount of such insecticides and poisons to be so used; and said superintendent 
may designate areas over which no aircraft may be flown for such purposes and shall notify said 
director of aeronautics of such designation. Ary person who operates or causes to be operated 
any aircraft for any such purpose without having obtained such a permit shall be fined not more 
than one thousand dollars or imprisoned not more than six months or both. Effective July 1, 1951. 


The application for a license to spray pesticides from aircraft contains many 
questions which include the nature of the chemical to be sprayed, the concentration 
of the chemical, the make of the aircraft, etc. 


Dr. Lieben is Industrial Hygiene Physician, Bureau of Industrial Hygiene, Connecticut State 
Department of Health. 


1. Barnes, J. M.: Toxic Hazards of Certain Pesticides to Man, Bull. World Health Organ. 
8:419-491, 1953. 


533 


534 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The Bureau of Industrial Hygiene of the Connecticut State Department of 
Health which administers the program concentrates on individual control and the 
environmental protection of the pilots and mixers. Air samples of concentration of 
insecticides to be sprayed are taken in cockpit or cabin of aircraft * in flight during 
actual spraying operations, in helicopters, and on the ground during the mixing 
operation. 

To date, the air samplings are supplemented by measures of individual control 
only in cases of application of parathion. The reason for this is that parathion is the 
only toxic organic phosphorus insecticide used in this state from the air so far. 

No license to spray organic phosphorus insecticides from aircraft has been issued 
in this state since 1952 unless the pilot has first submitted to a blood examination 
for a base cholinesterase level. These cholinesterase level tests are repeated at weekly 
intervals during the spraying season and are supplemented by a urinary para- 
nitrophenol determination. The bureau strongly recommends that a person other 
than the pilot flying the aircraft do the mixing on the ground and includes the mixers 
in the preventive program. 

When the pilots come for their weekly blood examination, a short discussion of 
the toxic effects of insecticides is usually held, and pilots and mixers are informed 
of the result of their tests. If at any time the cholinesterase drops below a critical 
level or the urinary paranitrophenol rises to undue heights, the pilot is grounded 
or the mixer is removed from his work until three consecutive samples of blood 
cholinesterase and urinary paranitrophenol have indicated improvement. Two phy- 
sicians are available at any time in case the men show symptoms. This program 
has been accepted and appreciated by the pilots and mixers. The interest of the 
pilots is best proved by the fact that several of the pilots kept their own book on 
cholinesterase levels. During the last two seasons, three mixers and one pilot were 
removed for varying lengths of time from parathion exposure simply on grounds 
of laboratory data and were allowed to return to work only after their cholinesterase 
level had returned to normal and paranitrophenol excretion had decreased consider- 
ably. Some of the results of these examinations have been published in a previous 
paper.* 

During 1951, 1952, and 1953, 87,851 acres of woods, marshes, and farm land 
have been sprayed, and each year the area sprayed is somewhat larger. There has 
been one flying accident in Connecticut in 1951 and one in 1952. During 1953, 
there have been no accidents. The two accidents were carefully investigated and 
were found to be due to engine failure. One occurred during D.D.T. spraying and 
the other one during parathion spraying of tobacco. In both cases, the pesticides 
were ruled out as causes of the accidents. In the two cases, the pilots escaped 
uninjured. 

It is realized that the areas sprayed in Connecticut are relatively small as com- 
pared with other states, but the dense population of our state and the small tracts 
of land which have to be sprayed make operations more difficult than elsewhere. 


We feel that our program of medical and environmental control has substantially 
contributed to our good accident record. 


2. Schaefer, R. A., and Vance, G. H.: Exposure of Connecticut Tobacco Workers to 
Parathion, A. M. A. Arch. Indust. Hyg. 7:193-196 (March) 1953. 
3. Lieben, J.; Waldman, R. K., and Krause, L.: 


Following Exposure to Parathion: Progress Report, A. M. A. Arch. Indust. Hyg. 7:93-98 
(Feb.) 1953. 


Urinary Excretion of Paranitrophenol 
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VINYL PLASTICS 
Their Dermatological and Chemical Aspects 


GEORGE £. MORRIS, M.D. 
BOSTON 


URING the past 12 years there has been a fivefold increase in the number of 

dermatoses caused by the chemicals used in the manufacture of plastics... New 
plastics are being developed each year, and it is necessary that the industrial phy- 
sician and dermatologist know the fundamentals of the chemistry of the different 
plastics, so that he will be able to judge correctly any case that comes to him for 
judgment concerning causal relationship with the work. 

The patient knows little about his job except that he uses “raw stock” or “over- 
lay” decorative, that he “spreads vinyl onto cloth” or that he “dips a plastic pencil 
into a solvent known as MEK.” The examining physician should know what the 
chemical of the “raw stock” can be. He should know something about the chemistry 
of the vinyls and should have a speaking acquaintance with such things as MEK 


(methylethyl ketone), TCP (tricresyl phosphate), DOP (dioctyl phosphate), etc. 


Plastics, in general, may be divided into five groups or classes : 


. Condensation 

. Vinyl (or polymerization) 
. Cell ose 

. Sym. _tic rubbers 

. Miscellaneous 


Polymerization resins may be divided into six groups: 
. Polyvinyl resins 

. Polyacrylate resins 

. Polyvinylidene resins 

. Polyethylene resins 

. Polystyrene resins 


. Coumarone and indene resins 


Polymerization is the chemical union of two or more molecules of a substance to 
form a new compound without the elimination of a secondary compound. A monomer 
is a substance consisting of a single part; a dimer is a substance consisting of two 
parts, ete. 


Dr. Morris is Assistant Clinical Professor of Dermatology, Tufts College Medical School. 


1. Morris, G. E.: Condensation Plastics: Their Dermatological and Chemical Aspects, 
A. M. A. Arch. Ind. Hyg. 5:37-43 (Jan.) 1952. 
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The polymerization resins are almost always compounded with other ingredients 
to produce the finished plastics. Compounding ingredients include plasticizers, stabi- 
lizers, pigments and dyes, lubricants, and fillers. 


POLYVINYL RESINS 
Vinyl resins contain the vinyl linkage, —CHz—CHX. X must be a strongly 


negative group—chloride, acetate, butyrate, alcohol, or acetal. 
Vinyl! chloride monomer 


CH = CH HCl CHCl 
Acetylene Hydrochloric acid Vinyl chloride 
Heat 
CH:=CHCl + Pressure-—>— CH: — CH —] CH: —CH — |—CH:— CH — 
Catalyst | | 
Cl Cl Cl 
Vinyl chloride polymer 
Copolymers 
CH: = CHCl CH: = CHOCOCHs 
Vinyl chloride Vinyl acetate 
80-98% 2-20% 
— CH: a — CH: — CH — CH: — CH — CH:— CH — CH: 
Cl Cl O-C—O-CHs Cl 


Dermatitis in a coater of vinyl plastics. 


The more vinyl acetate that is used, the more soluble is the product and so the 
more useful for coatings (see “Flow Chart”). The trade names include Vinylite, 
Geon, Koroseal, Saflex, Marvinol, etc. They are used as moulding compounds, adhe- 
sives, fabrics, cable coverings, floor tile, belts, raincoats, toys, ete. 

I have not seen any eruption from the finished product, but the Figure shows an 
eruption from vinyl latex used for coating artificial leather. 


2. Shreve, R. N.: Chemical Process Industries, New York, McGraw-Hill Book Company, 
Inc., 1945. 
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POLYACRYLATE RESINS 


Polyacrylate resins are formed from the polymerization of acrylic acid and its 
derivatives : 


CH: = CHCOOH Acrylic acid 

CH:= CHCOOCH: Methyl acrylate 

CH: = C(CH;) COOH Methacrylic acid 

CH: = C(CHs) COOCHs Methyl methacrylate 
Methyl Acrylate Polymerization 


Cracking 


Petroleum process 


CH: = CHe 
Ethylene 


H:O 
CHe 


CH:CL CH:OH + NaCN 
Ethylene chlorohydrin 


catalyst 
CH: CN— CH:OH + CH:OH — CH:CHOCOCHs 
Ethylene cyanohydrin Methanol 
The polymer is 


—CH:— CH — — CH:— CH 


O=C—OCH; O—C—OCH; O—C—OCHs 


The trade names are Plexiglas and Lucite. They are used as dentures, adhesives, 
coatings, leather finishes, optical novelties, etc. 


Only a few cases of stomatitis have been seen from acrylic dental plates. 
POLYVINYLIDENE 
Monomer—vinylidene chloride 
= C Cl. 
Polymerizes 


RESINS 


Cl 
—CH:— C—]| CH: —C— 


Cl 
| 
CH: — 
| 
Cl Cl Cl 


It is often copolymerized with vinyl chloride (10% vinylidene chloride and 90% 
vinyl chloride ). 


H H cl H 

H H H GH a H n 

The trade name is Saran. It is used in the manufacture of upholstery fabrics, seat 
covers, pipe, tubes, battery cases, belts, suspenders, ete. 


| | 


POLYETHYLENE RESINS 


H HHH 


H H HS 
Polyethylene 
The trade names are Polythene and DYNF Resin. The resins are used in the form 


of blown bottles, tubing, tape, sheeting, film, and for packaging, tableware, wire and 
cable insulation, molded closures, ete. 


Ethylene Pressure 
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Occasional sensitization to these resins occurs, especially in workers coating the 
resins before complete polymerization has occurred. 


POLYSTYRENE RESINS 


Styrene ~CH=CH, 
+CH,=CH,9 ~CH,CHy ~ CH=CH, + Ho 
Ethylene Pyrolyss 


Polymerizes as follows: 


~CHa- [ 
Polystyrene 


The trade names are Lustron, Lustrex, Polystyrene, Styramic and Plexene. They 
are used as bottles, jars, closures, tableware, toilet articles, wall tile, brushes, etc. 


COUMARONE AND INDENE RESINS 


These are coal tar derivatives. 


Coumarone Indene 


The polymerization is similar to that of styrene. The trade names are Cumar, Nevil- 
lac, and Nypene. These are used for coatings, varnishes, printing inks, tile, rubber 
compounding, and chewing gum. 

The compounds added to the resins include plasticizers, stabilizers, lubricants, 
colorants and fillers. 

Plasticizers are chemicals which render the finished product more plastic. They 
make up 10% to 50% of the weight of the finished product. They include the follow- 
ing: phosphates (tricresyl phosphate—TCP); phthalates (dioctyl phthalate— 
DOP); ricinoleic acid derivatives; sebacic acid derivatives; azelates; polyesters ; 
nitrile rubbers; petroleum derivatives ; chlorinated aromatic hydrocarbons. 

Stabilizers are substances which prevent decomposition from heat and sunlight. 
They make up 2 to 5% by weight. They include lead compounds (basic white lead 
carbonate and basic white lead silicate) ; tin compounds, epoxides, phosphates, and 
metallic soaps. 

Lubricants are added to plastics and make for ease of flow (internal and exter- 
nal). They include fatty acids, waxes, oils, and metallic soaps. The colors used 
include dyes and pigments. 

Fillers are added to confer chemical resistance, mechanical strength, electrical 
properties, and thermal resistance. The mineral fillers are commonly used and 
include clays, mica, asbestos, limestone, and diatomaceous earth. 


é 
Benzene Ethy! Styrene 
benzene . 
| 
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SUM MARY 


Vinyl resins are formed by the polymerization of 


A—C=C—D > c—C 


A D A D 


A and B are preferably hydrogen, occasionally Fl or Cl. 
H may be hydrogen, Cl, F, CN, or CHs. 


D may be hydrogen or COOH, Cl, F, CN, COOR, CgHs, — O—R, — CHsg. 

CH: — CH Ethylene 

Styrene 

Vinyl chloride 

Vinyl ether 
O COCH; Vinyl acetate 
F Vinyl fluoride 
COOH Acrylic acid 
CN Acrylonitrile 
CH:—C—(CHs) COOH Methacrylic acid 
COOCH: Methyl methacrylate 
CH: CCN CN Vinylidene cyanide 
CH. CCl Cl Vinylidene chloride 
CN Chloroacrylonitrile 


The polymerization resins are handled by enclosed processes until they are ready 
for shipment. Workers handling the partially polymerized resins may develop sensi- 
tization dermatitis. Eruptions caused by the finished products are rare but do occur. 
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SYNTHETIC RUBBERS 
Their Chemistry and Dermatological Aspects 
GEORGE £. MORRIS, M.D. 


BOSTON 


I TWO previous articles which have appeared in these Arcuives,’ I have 
endeavored to point out the chemical and dermatological aspects of (a) the 
condensation plastics and ()) the vinyl plastics. It may seem strange that a der- 
matologist would concern himself with such singularly chemical matters, but the 
age in which we live has been referred to frequently as the “Chemical Era,” and, 
as new drugs and compounds are constantly appearing on the market, the physician 
must of necessity acquire more and more knowledge of basic chemistry. My pur- 
pose, therefore, in presenting this series is to help further knowledge along chemical 
lines, particularly as it affects the practice of the industrial physician or derma- 
tologist. 
The rubber industry is one of America’s largest industries, in which great 
numbers of workers are employed in compounding, mixing, fabricating, and sheeting 
the various rubber compounds. When a worker presents himself with a rash and 
states that he works on a calender machine or in the compounding room, it is 
important to the physician to know what chemicals he may be contacting and what 
might be the cause of the eruption. 
Plastics in general may be divided into five classes 1”: 
Condensation 

. Vinyl (or polymerization ) 
Artificial or synthetic rubbers 
Cellulose 


Miscellaneous. It is my intent, then, at this time to consider briefly the 
chemistry and dermatological aspects of the synthetic rubbers. 


I. NATURAL RUBBER 
The initial approach to this subject brings us to a consideration of the basic 
structure of natural rubber, which is 2-methyl butadiene.* 


CH: = C—CH= CH: 


Isoprene 


Dr. Morris is Assistant Clinical Professor of Dermatology, Tufts College Medical School. 

1. (a) Morris, G. E.: Condensation Plastics: Their Dermatological and Chemical Aspects, 
A. M. A. Arch. Ind. Hyg. 5:37-43 (Jan.) 1952; (b) Vinyl Plastics: Their Dermatological and 
Chemical Aspects, A. M. A. Arch. Ind. Hyg., this issue, p. 535. 

2. Fisher, H. L.: Symposium on the Applications of Synthetic Rubbers, American Society 
for Testing Materials, Philade'phia, March 2, 1944. 
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Chemists have found that this chemical makes up more than 90% of the original 
latex that is derived from the rubber tree. Natural rubber also contains protein, 
resins, ash, and other impurities, which are not found, of course, in synthetic 
elastomers. 

When nature makes rubber, it takes this 2-methyl butadiene and changes it into 
a long-chain structure, as follows: 


CHs CHs 


| | 
CH:= C— CH = CH; — CH: — C = CH — CH2— 
Isoprene polymerizes Natural rubber 
2 3 4 in rubber tree n 


With this chemical, isoprene, firmly in mind, one will note that it has shifted 
from a compound having two double bonds to one which has one double bond. It is 
also apparent that it is derived from a four-chain carbon atom with a methyl group 
in the 2 position. It is mostly by changing this methyl radical on the 2 carbon atom 
that rubber has been made synthetically. 


Il. SYNTHETIC RUBBERS 
Synthetic rubber is built for the most, part around butadiene, or modifications 
of butadiene.* 
H 


| 
CH: = C—CH=CH: 
Butadiene 


It will be noted that in butadiene a single hydrogen takes the place of the methyl 
group of the isoprene. 
Synthetic rubbers may be classified as follows : 


(a) Buna S rubber (GR-S rubber) 
(b) Butyl rubber 
(c) Buna N rubber 
(d) Neoprene rubber 
(e) GR-I 
(f) Vinyl chloride rubber 
(g) Silicone rubbers 
(h) Thiokols 
(a) Buna S Rubber—The following breakdown shows how Buna § gets its 
name 
Bu Na = 
Sodum 


Butadiene can be copolymerized with styrene, as follows: 


(Sedium- 
catalyst) 


H 
@ 


Butadiene Styrene 


3. Modern Plastics Encyclopedia, New York, Plastics Catalogue Corporation, 1948. 
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to give Buna S, also widely known as GR-S, meaning Government Reserve-Styrene, 
Butaprene S, Chemigum S, Hycar O, and several other trade names. The usual 
method is to mix 72% butadiene and about 28% styrene together in enclosed vats, 
along with fillers, plasticizers, etc. 

(b) Butyl Rubber—Butyl rubber is also made from butadiene and styrene but 
in the proportions of about 95% butadiene and 5% styrene. This is a relatively new 
rubber, which is used in tire tubes and in gas masks, for it is impervious to gas. 
When butyl tire tubes are used, they do not need to be filled with air as often as do 
ordinary tire tubes. 

(c) The name Buna N is derived as follows: 


Bu Na N 
Butadiene Sodium Acrylonitrile 


Buna N, therefore, is formed as a result of the reaction of butadiene with acryloni- 
trile, as follows: 


CH: = CH — CH = CH: + CH: = CHCN ——> — CH: — CH = CH — CH: — CH: — CH — 
Butadiene Acrylonitrile (Sodium— | 
catalyst) CN 


Buna N is also known as Perbunan, Chemigum N, Hycar OR, and Butaprene N. 


(d) Neoprene Rubber.—Neoprene rubber (GR-M) is made from chloroprene, 
as follows: 


cl Cl 


| | 
CH: = C— CH = CH; = — CH: — C = CH — CH: — 
Chloroprene polymerizes n 


The Chlorene of the Neoprene Rubber makes this rubber far superior to natural 
rubber in its resistance toward mineral oils. It is therefore used in many instances 
where ordinary rubber would dissolve. 


(e) GR-I.—Isobutylene can be polymerized either by itself or with isoprene 
(as shown below) to form a long-chain compound with rubber-like characteristics 
CH: 
| 
CH: = C— CH = CH: + C = CH:2 — CH: — C = CH — CH: — C— CH: — 
Isoprene | | 
CH: CH: 


Tsobutylene n 

(f) Vinyl Chloride Rubber—Viny| chloride can be polymerized by itself or 

with other substances added to it to give a synthetic rubber. Vinyl resins contain 

the vinyl linkage, CH2—CHX. X must be a strongly negative group; it may be 
chloride, acetate, alcohol, or acetal. 


Vinyl Chloride Monomer: 


CH = CH+ HCl CHCl 
Acetylene Hydro- Vinyl chloride 
chloric 
acid 


| 
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Vinyl Chloride Polymer : 


Heat 
CH: = + J Pressure — —CH,—CH— | CH:—CH— | —CHs—CH— 
Catalyst | | 
Cl Cl Cl 


(g) Silicone Rubbers—Silicone rubbers are different from the above group- 
ings, which contain the carbon atom, in that these rubbers contain the silicon atom. 
It is interesting to note that silicon is in the carbon family; it stands below carbon 
in the periodic table, and both elements have a valence of 4. Silicon does not react 
well with itself to give long-chain compounds, as does carbon, but rather the silicone 
structure is made up of alternating silicon and oxygen radicals. 


| | | 
CHs CHs CHs CH: 
(h) The Thiekols. 
III, VULCANIZERS 


If we look back at the initial chemistry of isoprene and its polymerized product 


CHs CHs 


| 
CH: = C—CH = CH: — CH: — C = CH — CH: — 
Isoprene Natural rubber 


or of GR-S 


CH2 = CH-CH=CH, | - CH,-CH=CH-CH2-CH2-C~ 
(Sodium- 


catalyst) 


Butadiene Styrene 


we find that rubber is an unsaturated compound, since there are double bonds in it. 
Such double bonds are attacked by the oxygen in the air to the detriment of rubber. 

It has been found that substances can be added to rubber which will prevent 
this oxidative degeneration, make it wear better, and increase its elasticity ; such 
substances will also cause the finished rubber to be more resistant to temperature 
changes. Goodyear as far back as 1839 discovered that the properties of rubber 
could be improved greatly by adding small quantities of sulfur to it... Ordinarily, 
about 2.5% sulfur is added to a rubber, but up to 30% has been added to make 
hard rubber. 

It is interesting at this point to note that only two other chemicals are known 
to vulcanize rubber; these are selenium and tellurium. Oxygen, sulfur, selenium, 
and tellurium are all in the same family of elements in the periodic table. However, 
while oxygen will cause raw rubber to deteriorate, in contrast sulfur, selenium, and 
tellurium, although in the same atomic family, are of great aid in enhancing the 
quality of rubber. 

Activators, such as lead oxide and zine oxide, help to initiate the vulcanizing 
process and serve to increase the strength or wearing power of the rubber. 
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There are present in crude rubber impurities which have a faculty of accelerating 
vulcanization. These impurities, of course, are not found in synthetic rubber, nor 
are we exactly certain what compounds they represent. However, the organic 
chemists have shown that they, too, can produce effective accelerators of vulcaniza- 
tion, and these are now in wide use. These accelerators may be grouped roughly 
into five classes of compounds: (1) the thiazole compounds, (2) the guanidines, 
(3) the thiocarbamates, (4) the aldehyde amines, and (5) the thiurams. Most of 
these are irritants, and a few are sensitizers.* 

Besides vulcanizers and accelerators, antioxidants are used to prevent the oxida- 
tion of the double bonds, as previously noted. The antioxidants are a complex group 
of organic chemicals which when added to rubber in small amounts have been found 
to inhibit oxidation and so prolong the life of rubber. Phenyl-beta-naphthylamine 
is probably the most commonly used antioxidant, but the one oftenest encountered 


Dermatitis resulting from an accelerator used in rubber manufacturing. 


by physicians is the monobenzyl ether of hydroquinone.’ This substance has the 
distinction of decolorizing the skin, and while it was taken out of rubber in the 
1930’s and 1940's, it is being used again, and the chemists seem to have forgotten 
its ability to decolorize the skin. Other antioxidants are derived from phenol, aniline, 
quinoline, phenylenediamine, hydroquinone, cresol, and related chemicals. Most of 
these are irritants, and some are sensitizers. They should therefore be handled 
with caution, and skin eruptions from them will then be lessened. 


In addition to vulcanizing agents, activators, accelerators, and antioxidants, 
softeners and plasticizers are added. They include stearic acid, paraffin oil, asphalt, 


4. Mallette, F. S., and von Haam, E.: Studies on the Toxicity and Skin Effects of Com- 
pounds Used in the Rubber and Plastics Industries: I. Accelerators, Activators, and Anti- 
oxidants, A. M. A. Arch. Ind. Hyg. 5:311 (April) 1952. 


5. Blank, I. H., and Miller, O. G.: A Study of Rubber Adhesives in Shoes as the Cause 
of Dermatitis of the Feet, J. A. M. A. 149:1371 (Aug. 9) 1952. 
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coumarone, phthalates, and several other organic chemicals. Plasticizers are added 
to synthetic rubbers for the purpose of making them more flexible. They also reduce 
the time needed for the mastication of rubber. 

Fillers, such as carbon black, finely ground calcium carbonate, calcium sulfate, or 
refined clays, may also be added. 

The heated, completely mixed and blended rubber, with its modifying agents, 
may then be calendered, extruded or compression-molded and cured in the proper 
machines. At other times, the modified rubber is mixed with solvents or may be 
mixed with emulsifying agents for various dispersion processes. 

Petroleum naphtha is the cominonest solvent used. It is a skin sensitizer and 
irritant, causing about 15% of the 2,000-odd cases of industrial dermatoses which 
I have seen during my practice. Other solvents used are benzene, carbon tetra- 
chloride (both of them volatile inhalants), toluene, xylene, and trichlorethylene. 
Most of the latter solvents can defat and dry the skin, thereby causing dermatoses, 
but naphtha is the solvent which causes by far the most skin trouble. 


The emulsifying agents (soaps, sulfated hydrocarbons, etc.) are rarely the causes 
of dermatitis. 


IV. POTENTIAL IRRITATING AND SENSITIZING EFFECTS 

In a recent series of articles, Mallette and von Haam have studied the irritating 
and sensitizing effects of the accelerators, antioxidants, activators, and plasticizers. 
In their first report * they note that of 12 accelerators, activators, and antioxidants 
tested, all were irritants and & were sensitizers. In their second paper,® after testing 


25 plasticizers, they found 20 to be irritants and 5 to be sensitizers. However, these 
tests were made for the most part with the chemicals in 100% concentration. Since 
the substances are added to rubber in much lower percentages than this, the results 
of the studies of Mallette and von Haam cannot be categorically stated to be con- 
clusive or indicative of general sensitization in the rubber industry, for, out of over 
2,000 cases of industrial dermatitis personally treated by me, I have seen only 48 
cases due to rubber or substances used in its preparation (exclusive of those due 
to naphtha). 

Exposure to butadiene, styrene, butylene, chloroprene, and vinyl chloride is 
rare, because these compounds are usually handled in totally enclosed processes. 
However, once the rubber reaches the rubber factory, there are exposure sites in 
several places: in the compounding room, where the dyes, pigments, activators, 
accelerators and vulcanizers are weighed and added to the batch; at the Banbury 
Mixer; at the various rolling operations, and in any of the processing actions, such 
as calendering, coating or molding, ete. 

Since rubber is not fully polymerized until the final step, any of the workers 
handling it in the intermediate steps may develop a rash from the exposure.* 


6. Mallette, F. S., and von Haam, E.: Studies on the Toxicity and Skin Effects of Com- 
pounds Used in the Rubber and Plastics Industries: II. Plasticizers, A. M. A. Arch. Ind. Hyg. 
6:231 (Sept.) 1952. 

7. Lewis, W. K.; Squires, L., and Broughton, G.: Industrial Chemistry of Colloidal and 
Amorphous Materials, New York, The Macmillan Company, 1942. 
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There are also some persons who are sensitive to finished products, as any 
dermatologist will testify that dermatoses from girdles, elastic garters, rubber 
fingers, and the like are far from uncommon. 


SUM MARY 
The chemistry of synthetic rubbers depends chiefly upon the chemical 1,3-buta- 
diene and modifications of it with styrene or acrylonitrile. 


The activators, accelerators, antioxidants, and plasticizers are probably all 
potential irritants and sensitizers. 


Silicone rubbers are relatively new and seem to be inert dermatologically. 


William Walker, chief chemist, Hood Rubber Company, Watertown, Mass., gave valuable 
assistance in the preparation of this paper. 
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NEUROSES AND COMPENSATION 


Chronic Psychiatric Disorders Following Injury or Stress in Compensable Situations 


I. Review of the Literature 


ALEX D. POKORNY, M.D. 
AND 


FLOY J. MOORE, M.D. 
HOUSTON, TEXAS 


T IS A widely held opinion that war veteran psychiatric patients are unusually 

refractory to treatment and are qualitatively different from nonveteran psychi- 
atric patients seen in private practice; on the other hand, these veteran patients 
bear considerable resemblance to those suffering from the “traumatic neuroses of 
industry” or “compensation neuroses” in civilian life. This similarity is noted in 
the nonpsychotic chronic cases in each group; the patients possess these character- 
istics in common: (a) presence of a chronic “neurosis” (>) precipitated by stress 
or injury * (c) developing in the presence of or possibility of compensation for 
disability.+ It might be said that a certain type of predisposition also exists in both 
conditions, but this is more speculative. 

We have felt it desirable to try to evaluate objectively the impression that 
certain veteran psychiatric patients are refractory to treatment. Preliminary to 
setting up a research design, it was feit necessary to review the pertinent literature. 
It became apparent early that the references to industrial “accident neuroses” 


would have to be included as well as references to neuroses in veteran patients. 
Many of the articles on war neuroses refer to the similarity to “industrial neu- 
roses” t; conversely, many of the articles on industrial neuroses point out the 
resemblance to “war neuroses” and residuals.§ 


The number of books and articles relating to this area has been found to be 
surprisingly large. The references merge imperceptibly into closely related topics. 
For example, this is as much a sociological problem, a legal problem, ete., as it is 

From the Veterans’ Administration Hospital, Houston, Texas and the Department of 
Psychiatry and Neurology, Baylor University College of Medicine. 

*“Stress” and “injury” are not necessarily used here in the literal sense but denote anything 
from actual bodily injury through near-injury to the mere possibility of injury. Usually the 
stress is not something “private” but is something obvious and commonly accepted as stress by 
everyone, e. g., combat. In general, the injury or stress results from events outside the subject's 
control; e. g., he rides a train expecting a safe trip and there is a wreck; there is an element of 
“injustice.” 

+ “Compensation” is used here not only to refer to the actual money received or sought but 
also to the various symbolic meanings which this acquires. 

t References 17, 31, 33, 34, 42, 43, 48, 72. 


§ References 5, 6, 9, 15, 28, 29, 36, 37, 41, 42, 43, 69, 70. 
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a medical one; therefore, some selection of references has been inevitable. We 
have attempted to review fairly completely the medical literature of the last 20 years. 

This subject is reviewed historically up to 1932 in the excellent monograph by 
Huddleson *® which should be consulted by anyone interested in this field. This 
work has a very full bibliography of 350 articles and books, though it covers a 
somewhat broader field by including organic residuals of head injury. Brend’s 
book * written in 1938, gives some of the historical background in England. Moor- 
head *” also reviews the field historically. 

We have organized the remainder of this paper into sections on “Terminology,” 
“Industrial Accidents Followed by Neuroses,” “Chronic ‘War Neuroses,’” and 
“Comment and Conclusions.” In general, the articles in each section are arranged 
in chronological order to allow the reader to follow the historical development (or 
perhaps the absence of it). 

TERMINOLOGY 


The terminology in the area of “post-traumatic” and “compensation” states 
has usually been vague and inept; many writers have commented on this, but no 
one set of terms has become accepted. Weir Mitchell, Morehouse, and King studied 
Civil War cases which they labeled as “the traumatic neurosis.” *° In 1875 the 
English surgeon Erichsen published a work on “railway spine,” later known as 
“Erichsen’s disease” and the “American disease.” °° In 1885 Oppenheim grouped 
these cases under the general heading of “traumatic neurosis”; he considered them 
to be due to electrical changes in the central nervous system. At about the same 
time Charcot considered them to be completely psychogenic. Bleuler*® in 1924, 


subdivided these conditions into “fright neurosis” and “traumatic hysteria.” Other 
earlier terms were “traumatic neurasthenia,” ** “compensationitis,” °° and “profit 
neurosis.” °* 


Huddleson stated that by 1932 practically all authorities agreed with the psy- 
chogenic theory and with the close relation of these states to psychoneuroses in 
general.** He defined traumatic neurosis as “a psychogenic or a non-structural 
nervous disorder, shortly following a physical injury, and complicated or not by 
structural changes in the central nervous system or elsewhere.” He said that this 
problem became of extreme importance with the introduction by the state of com- 
pensation to workmen injured in industry; this step was first taken in Germany, 
then in France and England, and later in the United States. Huddleson pointed 
out the inconsistent official attitudes toward “war neuroses,” ranging from neglect 
and misunderstanding, to the death penalty (during a period in World War I) to 
coddling. He stated that by 1932 strong protests had arisen in Germany and 
France against the payment of insurance and other awards for any neurosis, but 
these had not yet echoed in England and in the United States. 

Foster,” writing in 1933, suggested the term “neurosis following injury.” 
Reed * spoke of this syndrome as “unconscious malingering.” Kardiner ** defined 
“traumatic neurosis” as “a type of adaptation in which the individual continues 
with a reduction of resources or contraction of the ego.” Eliasberg,’® in 1941, used 
the term “social neurosis,” bringing in the interacting social factors and psycho- 
logical motivations. Turnbull ** stated that “compensation neurosis” was an unfor- 
tunate term. Foster Kennedy,*’ advocated the term “neurosis following trauma” 
or “neurosis following accident”; he expressed dislike of the term “traumatic neu- 
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rosis,” and this dislike was shared by others.|| This term appears to stress only the 
“trauma” or precipitating event and neglects other environmental forces as well 
as the “neurotic predisposition” and the nature of the patient.{ Many authors 
have grouped these states under the heading of “conversion hysteria” or “conver- 
sion reaction.” 

Ramsay ** quoted a German term for these conditions, “justice neurosis,” which 
appeals to us, because it seems to convey in terse form the central theme of these 
reactions, the feeling of resentment, the struggle for one’s “rights,” the shift of 
responsibility to external forces, the lack of awareness of the personal needs 
involved, and the interreaction with cultural influences.# 

Kamman,** in an excellent article written in 1951, agreed that the terminology 
is confusing, unsatisfactory, and inadequate. He attempted to subdivide this group 
of conditions into three types : 

1. Traumatic Neurosis —This is a psychogenic condition which is a response to 
a “symbolic stimulus,” characterized Ly narcissistic regression, “withdrawal of 
object cathexis” to one’s self, in the absence of concern with any indemnification. 
This type is felt to be uncommon. -, 

2. Compensation Neurosis ——This is characterized by a desire for gain. “While 
the sufferer from a compensation neurosis believes consciously that he is sick, a 
careful psychological examination discloses a volitional factor operating in the 
disability, and also indicates that the neurosis was created in part by a subjective 
conviction on the part of the patient that he has been in a compensative accident.” 
This type of disorder is felt to result from an original personality defect on which 
act external factors, such as the prospect of indemnification, poor handling by the 


“responsible” parties, etc. The volitional aspect is at least foreconscious and may 
be unconscious. Kamman discussed the resentment of those who have suffered 
“injustice” and the wish for atonement from the “privileged.” This resentment 
carries with it a desire for revenge, and one way to obtain this is to remain dis- 
abled and in need of payments. 


3. Attitudinal Pathoses—Quoting Thorne, Kamman stated that persons with 
these conditions are not “sick” in any ordinary sense but carry a set of morbid 
attitudes. In this area the core attitude might be “I have been injured and cannot 
work,” and other attitudes are accepted or rejected according to whether they fit 
in with this core attitude. Such a resulting state might not be a true neurosis, 
nor does the issue of compensation necessarily enter in. The attitudinal pathoses are 
said to be more limited, circumscribed, conscious, voluntary, and intellectual than 
the psychoneuroses. The persoa consciously behaves as he does because he believes 
he is “right,” whereas the neurotic recognizes that his behavior is maladjusted and 
illogical. Kamman suggested that while traumatic neuroses and even compensation 
neuroses are held compensable by courts, this should probably not hold true for 
attitudinal pathoses. 


|| See references 22, 65. 

{ Halliday 27 defines illness in general as “a reaction, or mode of behavior, or vital expression 
of a living unit in response to those forces which he encounters as he moves and grows in time. 
The cause is therefore twofold and lies both in the nature of the individual and the nature of his 
environment at a particular point in time.” 


# References 15, 24, 49, 53, 59, 63, 67, 71, 78, 79. 
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Davidson '* quoted Kamman at length but stated that a psychiatrist would have 
a hard time defending the concept of an attitudinal pathosis on the witness stand. 
It appears to us that Kamman, in defining his three classes, used a different frame 
of reference in each, so that there is probably much more overlapping than he 
recognizes. 
INDUSTRIAL ACCIDENTS FOLLOWED BY NEUROSES 


The articles dealing with industrial accidents followed by neuroses are taken 
up approximately in chronological order. We have attempted to collect here state- 
ments concerning the etiology, course, manifestations, prognosis, and recommended 
solutions, as pointed out by the various authors. The British literature is given 
separately because of the difference in emphasis and recommendations, probably 
because of different laws. 

Bleuler,® in 1924, said that these conditions arose mainly from the “struggle 
for damages.” He stated that the patient resists recovery and return to work for 
fear that the symptoms will return and he would then have lost his right to com- 
pensation. He stressed the “desirous ideas” (wish to be cared for) in the injured 
ones; “without a ‘morbid gain’ even a trauma produced no neurosis.” He listed 
injuries received in sports, in elemental catastrophes, in noninsured, and, wherever 
laws were different, as not being followed by “accident neurosis.” He also blamed 
unskillful early handling by physicians and insurance regulations which forbid any 
work while compensation is being drawn. He said that either a prompt lump 
settlement or establishment of indisputable nonrecognition of the right to compen- 
sation will prevent the neurosis; “psychologically these two latter methods are 
naturally identical, for they both destroy the desirous concepts of the neurosis.” 

Kennedy ** stated that 26% of all hospital admissions in the United States in 
1927 were for compensation adjustment. He said that almost never were general- 
ized psychoneuroses found in soldiers who had also sustained wounds of any con- 
sequence. He suggested early closing of litigation. Kozol,** quoted by Smith. 
found that in the year ending June 30, 1946, some 2,165 tort cases were tried in 
Massachusetts courts, and an estimated 90% of these were claims for personal 
injury. Smith stated that trial lawyers are well aware that full 50 to 60% of civil 
litigation involved some claim of physical or psychic disability." 

In discussing “neurosis following injury” in 1933, Foster °° recommended 
preventive measures, early diagnosis and final settlement, then adequate treatment ; 
he states “A periodic check from the employer or his insurer is the same as handing 
him a note saying he is still incapacitated.” Reed *’ likewise recommended early 
settlement; he made the statement that “trauma is often the percussion cap that 
sets off the neurosis (it may have been present for years). Garve ** expressed 
a similar view; he believed that the only way to get around most compensation 
laws is to prove that the patient is consciously perpetuating his symptoms, is acting 
in poor faith, or is exaggerating. 


Denker '* followed 1,000 consecutive disability claims due to psychoneurosis, 
arising between 1915 and 1930; he succeeded in tracing 100% of them for at least 
5 years and often 10 and 15 years after disability had commenced. Total disability 
was recognized only after the insured had been ill for at least three months and to 
an extent that would prevent him from engaging in any occupation for remunera- 
tion or profit. He found that the illnesses of 29.3% had been erroneously diagnosed 
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as psychoneuroses. (The claimants had psychoses, nonpsychiatric illnesses, ete. ) 
Of the remainder, he found that approximately 45% of the claims were terminated 
within one year, 27% during the second year, 9% during the third year, 4% during 
the fourth year, 3% during the fifth year, and 10% after the fifth year. He pointed 
out, however, that in the high disability income bracket the duration of the claim was 
likely to be longer ; he made the statement that neurotics receiving $200 or more per 
month for three years practically never get well.* “It would seem that the monthly 
disability check eliminates the incentive for the patient and is a constant reminder 
that he is disabled and an invalid and is recognized as such by the outside world. 
Instead of helping to rehabilitate the neurotic we are doing the worst possible thing 
for his mental health.””. He quoted Neuhesg as saying that in Denmark, where 
compensation is paid in lump sum at an early stage of the incapacity, 93.6% of the 
injured recover from “traumatic neurosis” ; in Germany,+ where a monthly pension 
may be drawn, only 9.3% recover. 

Ramsay ** reported in 1939 studies of 400 injury cases and found that 41% of 
the patients showed functional nervous disorders as a sequel to accident. He found 
that the severity of the injury had little relationship to the nervous sequelae and 
felt that in most cases the mental conflict or maladjustment in life was already 
present and that injury acted as an exciting cause. He emphasized the action of 
suggestion and the sense of resentment; these two factors are also mentioned by 
Turnbull,** who said that psychotherapy for the fully developed compensation 
neurosis is not possible. Kardiner ** discussed traumatic neuroses in general. 

Smith and Solomon *° emphasized predisposition and stated that it is legally 
erroneous and socially unjust to compensate those in whom neuroses develop after 
traumatic stimuli which would be inadequate to so affect a “normal” person. They 
said that if the disability arose from “brooding or worrying” about what might 
have happened in the accident the defendant should not be liable. They stressed 
the “idiosyncratic” response of predisposed persons to slight or minimal stimuli. 
They quoted an opinion stating that it would be a signal service if courts could be 
induced to deny compensation in all cases of traumatic neurosis, as this would do 
more than any other medical means to banish the disorder. They studied two 
large groups; (1) those in which a slight stimulus, “psychic” or “traumatic,” led 
to a neurosis in a predisposed person and (2) those following severe injuries, and 
they were startled by the fact that the average award in the two groups was almost 
identical. They were impressed by the findings that more than 90% of the defend- 
ants were large corporations. They felt that the six-month to three-year delay 
between the incident and the court settlement played a role in the fixation of 
symptoms. Factors which seemed to exaggerate effects of trivial injuries were 
suggestions made by relatives, lawyers, and physicians and the continuance of 
disability payments.** “In our opinion, 20 to 60% of the disability can be safely 
assigned to these extrinsic factors and expected to vanish upon settlement of the 
case.” They did not feel that a traumatic neurosis could be regarded as a perma- 
nent disability, and stated that most patients recover at the outside within three to 


* This article was published in 1939. 


+ The two areas compared were 50 miles apart, with similar geographical and climatic con- 
ditions and relatively similar working conditions and cultural backgrounds. 
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five years after settlement. They stated that if full liability is allowed, this will 
result in all subnormal or handicapped people being weeded out and excluded 
from industry.t They pointed out that certain large industrial companies follow 
a program of sympathetic rehabilitation and have practically no traumatic neuroses. 
This article has an impressive bibliography of legal cases and references. Smith ° 
covered many of the legal points, and discussed 301 cases considered in court, 216 
of which were thought to have a preexisting vulnerability. On the basis of all avail- 
able information, the authors felt that at least 7 out of every 10 of the cases should 
have been decided in favor of the defendant, but actually 167 out of 301 were 
decided in favor of the plaintiff, 51 in favor of the defendant, and 83 were remanded 
for retrial. 

Adler ' discussed neuroses following the Cocoanut Grove fire, with special ref- 
erence to head injury cases; she felt that development of the neurosis was typically 
delayed until the person had to return home to his former financial, occupational, 
or domestic conflicts. Adler * also felt that a poor psychiatric prognosis following 
head injury would result more often from marital, financial, or family difficulties 
than from the presence of pretraumatic psychiatric symptoms. In this latter article, 
two types of neuroses following the Cocoanut Grove fire were described: the fear 
neuroses” immediately following the accident and the “conflict neuroses” character- 
ized by a latent interval and onset after return to the ordinary problems of living. 
Biernoff,® writing in 1946, emphasized not only the material gain from the com- 
pensation but its great symbolic importance; he felt that the patient would rather 
continue his dependency in symptoms than take the risk of competing in the out- 
side world. He recommended early careful treatment by a person not connected 
with the company and prompt return to work. 

Fetterman '* said that most (88%) industrial accidents are “personal” acci- 
dents, meaning that the presence of a psychological or personal problem played a 
part in causing the accident. Solomon “! was against lump-sum settlement, because 
it abuses the aims and ethics of medical practice and puts a premium on psycho- 
neurotic behavior. He emphasized vigorous treatment, with awareness of the 
“hostile dependency” and with orientation toward total rehabilitation. He advocated 
changes in the compensation laws. ‘ 

Kennedy * stated in 1946 that the severity of the neurosis following an accident 
varies inversely with the severity of the accident and the physical consequences. 
He emphasized accurate early diagnosis. He said, “Neurosis may very well be 
truly the result of the law by which injury is adjudicated.” He defined the com- 
pensation neurosis as “a state cf mind, born out of fear, kept alive by avarice, 
stimulated by lawyers, and cured by verdict.” He stated, “The whole process by 
which the workman is compensated is a product of the legal and not the medical 
mind.” “The state, in its anxiety to protect the individual, really sacrifices society 


t This is exemplified by the difficulty in placing epileptics in jobs. Many firms refuse to 
hire epileptics, stating that their insurance will be invalidated. The seizure patient evidently 
cannot sign a “waiver” of damages, and the company remains liable. The net effect on the patient 
is that he cannot secure a job unless he lies and conceals his disability; usually he is fired the 
next time he has a seizure. 
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as a whole—to the individual. For in our country, in our state here, even though 
the case has been settled it can be reopened ‘on the production of new evidence.’ ’’§ 

Gannon * said that in his opinion the vast majority have basic neurotic person- 
alities before the accident. Schaller °* advocated lump settlement; he said that 
perhaps idleness is the most important factor in perpetuating the neurosis, in addi- 
tion to introspection, continual compensation, and “the complicated indeterminate 
handling of their case.” Slater °° cautioned about considering compensation as the 
most important factor. Whitaker ** deplored the assumption that employees are 
hired as without any disability or vulnerability and that the employer is responsible 
for whatever develops later; he stressed predisposition. He utilized the response 
to treatment in deciding predisposition. Sayer “* pointed out that labeling a disease 
by the precipitating cause created a very poor psychological situation. Gundry ** 
mentioned the undesirability of advising patients with nervous difficulties to take 
time off and stressed “psychiatric first aid,” handling emotional difficulties as soon 
as they arise. 

Halliday ** described the typical development of compensation neuroses as 
beginning with a fairly conscious wish for security, often during a period of “lay- 
offs” at work. Yet once the men were certified as sick, the die was cast, and in 
many of them chronic neuroses and a depressed state of mind proceeded to develop. 
Halliday said that when the amount of compensation a person is receiving depends 
on how much work he can do, then working becomes a threat and loses its social 
significance, thus starting a vicious circle. The person loses the ability to give— 
can only take—and this unhappy state is attended by feelings of guilt which, in 
turn, are associated with hostile impulses against society as well as against the self. 

Dukor *° said that the mere existence of insurance tends to bring on neuroses, 
especially in predisposed people. He spoke of the “right to illness’ in people who, 
because of character trends or unfortunate life situations, almost “wait” for an 
acceptable “cause.” He stressed the revenge aspect of such illnesses, in which the 
compensation payment makes up for a real or imagined social injustice in the mind 
of the recipient. He mentioned two widespread errors of lay people: (1) the 
erroneous opinion that the mere fact of being insured automatically provides a 
claim to compensation as soon as an accident occurs, whether or not the person is 
handicapped in his earning capacity and (2) the tendency to form medical causal 
references; all sickness which occurs after an accident is assumed to be caused by 
it unless some other evident external cause exists. He mentioned as other causal 
factors aversion to labor, dissatisfaction with the job, insecurity on the job and 
greediness. The element of insecurity is stressed, whether this arises from the job 
situation, aging, “constitution,” or special individual experiences; the compensa- 
tion or pension relieves this by bringing some economic security. He stated that 
special attitudes are added by the fight for compensation, requiring that one prove 
to the environment that he is damaged, which leads to simulation and exaggeration. 
He mentioned that a small portion of “insured” tend to take refuge in hospitals 
and find a new way of life, “the life of the compensation neurotic.” 

Although the great majority of American authors favor lump-sum settlement, 
this view is not shared by Norcross,** who studied 322 assorted compensation cases 


§ As quoted earlier, Bleuler suggested two ways of preventing chronic neurosis, psycho- 
logically similar: (1) a prompt lump-sum settlement or (2) establishment of indisputable non- 
recognition of the right to con:pensation. It appears that neither of these can be achieved in the 
United States for the reason given by Kennedy. 
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prior to 1936. He said that lump-sum settlement often leads to distressing situa- 
tions, the money being spent foolishly, leaving the patient still disabled and needing 
more money. He advocated an early and final settlement, which is then paid out 
on a biweekly basis for a previously specified period. This is accompanied by 
treatment and rehabilitation. He discussed the various influences that seem to 
make a compensation neurotic out of an ordinary injured claimant. 

Davidson '* makes these interesting observations: “A psychiatrist who does 
much medico-legal work soon acquires a personal philosophy with respect to psy- 
choneuroses following injury. He believes either (a) that most of these patients 
are motivated primarily by greed, or (>) that they have a genuine illness in which 
the money-motivation factor is of minor importance. Sometimes the psychiatrist's 
personal doctrine results from long identification with insurance companies on the 
one hand, or with plaintiffs on the other.” The situation may develop in the reverse 
order in that the psychiatrist develops a certain attitude and then becomes pre- 
dominantly useful to one or the other side. “No one can say which point of view 
is closer to the truth. But it can be said that the view adopted by the doctor will 
mould his diagnoses, his evaluations, and even, sometimes, his findings.” 

British Literature —Brend,° in his book published in 1938, dealt with the situ- 
ation in England and with the British Workmen’s Compensation Act and its 
administration. He stated: “It is important to remember throughout this book that 
although we are dealing with a medical question, we are not dealing with an exclu- 
sively medical problem. We are dealing with the application of medicine to a 
social problem, the solution to which is in the hands of the layman.” He pointed 
out that in 25 years he had never seen the word “hysteria” used in a claim but 
always terms like “loss of power,” “inability to lift the arm,” etc., which are more 
impressive and suggest permanent impairment. He stated that the most important 
factors in producing traumatic neuroses are a state of terror before the accident, 
a strong suggestion of injury afterward, and possibly injudicious medical handling. 
Like most of the British writers, he was against lump-sum settlement ; he said that 
in the early days of the Ministry of Pensions lump-sum settlement was tried on a 
large scale and was ineffective. He mentioned the adverse effect of “brooding” and 
said that this is under voluntary control. He recommended that medical points in 
dispute be settled by a board of medical specialists who would be free of external 
pressures; he also recommended more treatment facilities. Arnott* stated that 
under the compensation laws of Australia it was necessary only to prove aggravation 
of already existing disease in order to draw compensation, and he believed this to 
be undesirable, especially in neurotic conditions. He recommended early settlement, 
which throws the responsibility of recovery on the patient. Brain * reproached 
physicians for failing to deal with this substantial social and medical problem, the 
high incidence of neuroses after injury, especially in industry. He studied 100 
consecutive male patients who had had head injuries in road accidents and found 
that 23 had post-traumatic neuroses; he also studied 100 consecutive patients who 
had had head injuries (mostly of slighter severity) in industrial accidents and found 
that 55 had post-traumatic neuroses. He recommended that social responsibility 
for the injured be more widely recognized and that the emphasis be changed from 
compensation to rehabilitation. Medical issues should be decided by medical boards 
closely linked to rehabilitation units. He stated that a more important problem of 
modern society is how to provide social service without robbing the individual 
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citizen of his sense of responsibility for his own welfare. Hart ** stressed purpose 
or motive in the development of a neurosis; if a neurosis will solve a conflict, then 
this fact is a natural cause of the production of the psychoneurosis. He stated that, 
in addition to money, other factors add to invalidism associated with the Workmen’s 
Compensation Act, including fixation of attention upon a function of the body or 
mind, apprehension or anxiety, and suggestion. He recommended more emphasis 
on rehabilitation ; the therapy should block the channels whereby “purpose” leads 
to that morbid adaptation which is neurosis and should direct it into the channels 
that lead to efficient and adequate adaptation by means of physical and mental 
exercises, the preservation of self-respect, and the constant nourishment of the “will 
to recover.”” He emphasized the monetary compensation as a symbol rather than 
as an end in itself. He considered the recommendation of lump-sum settlement as a 
panacea to be in error and instead recommended systematic handling of all factors 
involved; this would require changes in the Workmen’s Compensation Act. He 
stated that lump-sum settlement as a cure had largely been discredited in British 
experience. Eastham ** likewise condemned the lump-sum settlement. The Royal 
Medico-Psychological Association recommended abolishing of lump-sum _pay- 
ments, with concentration on adequate treatment. Much that is dealt with by 
litigation should be referred to a medical tribunal. Luongo ** emphasized secondary 
gains and stated that symptoms remain aggravated even though payments may be 
only a fraction of the former income. Compensated persons have difficulty in finding 
employment, because employers are loath to risk suits for aggravation regardless 
of expert testimony. 
CHRONIC “WAR NEUROSES”" 


Since this review deals primarily with chronic conditions, this section covers 
chiefly the postwar course of war neuroses, though there is some reference to the 
predisposition and to etiology. The acute war neuroses are taken up only inciden- 
tally, as for contrast. An attempt is made to cover fully papers dealing with com- 
pensation, secondary gains, and factors tending to prolong or increase disability. 
Again the papers are taken up approximately in historical order. 

Ferenczi and associates ™* stated in 1921: “Traumatic neuroses are practically 
never seen in prisoners of war. They have no interest in remaining sick after capture 
and cannot depend on or receive compensation, pension, and sympathy from their 
surroundings while they are away from home.” They agreed with Strumpel and his 
thinking about compensation hysteria but believed he laid too much stress on the 
conscious and cognitive aspects. They stated that war neurotics, on the whole, were 
before the war labile and poorly adjusted people. They said that a person receiving 
compensation for his war injuries has been instilled with a feeling of terrible injury 
which leads to reduced capacity for object love. It was suggested that war neurosis 
protects against psychosis. These authors emphasized repeatedly their concept that 
the stresses of war are only precipitating factors for underlying difficulties that 
sooner or later would have manifested themselves. Bleuler,® in 1924, stated that the 
enormous experiment of World War I furnished corroboration of the concept that 
without a “morbid gain” trauma would produce no neurosis. He also said that 


11 “War neuroses” is used here in a very broad sense and includes not only “combat fatigue” 
but also neurotic reactions in those who had no combat or even overseas duty. The “stress” 
here may have been only potential,’ and the compensable situation was certainly present. 
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severer injuries did not produce neurosis and that prisoners of war, with few excep- 
tions, remained free from neuroses.’ Kennedy *° stated that almost never were 
generalized psychoneuroses seen in soldiers suffering also from physical wounds of 
any consequence or degree.* Brend” stated, “Unhurried investigation of the war 
neuroses showed that in all but the mildest cases there was a preexisting neurotic 
temperament.” He also said that the incidence of psychosis was exactly the same 
as would be predicted in the same population under peacetime conditions. Kardiner,** 
in his monograph, asserted that the traumatic neurosis of war does not differ essen- 
tially from the traumatic neurosis of peacetime. The cases often do not follow 
immediately some dramatic trauma but may appear after the patients’ removal from 
the effects of chronic traumatic experiences. He defined traumatic neurosis as “‘a 
type of adaptation in which no complete restitution takes place but in which the 
individual continues with a reduction of resources or contraction of the ego.” He 
emphasized early and adequate treatment, with prompt return to work and activity. 
Kardiner was decidedly against payment of compensation and suggested that patients 
should be cured instead. He stated that compensation is the most important of all 
the external factors tending to make the disability chronic; the compensation 
becomes an overt secondary gain of illness. But even here, the compensation issue 
does not create the neurosis. The demand for and the dependence upon compensa- 
tion is an essential and unconscious defense mechanism and will not be considered 
as a prime factor although it is often an obstinate source of resistance in treatment 
and rehabilitation. He said that he had seen patients come diligently for treatment 
as long as nothing was being accomplished but break off suddenly when there was 
some movement toward cure, so that their compensation might be endangered. Once 
the patient learned that his disability could be used as a means of compelling the 
world to recognize his claim for dependence, it might be too late for successful treat- 
ment. He suggested treatment in convalescent camps, with considerable responsi- 
bility for self-care. Kardiner and Spiegel ** made much the same recommendations. 
Lewy,** in an excellent article, drew upon his experience in World War I and in 
traumatic neuroses of peacetime. He referred to a German article which stated that 
in 1922 half the total of pensioners in Germany were on the basis of nervous dis- 
turbances. He pointed out the tremendous cost in money and suffering after World 
War I because of the formation and perpetuation of neuroses. He stressed the 
predisposition. He felt that the causes of perpetuation of the acute neuroses were 
(a) the delay in treatment and (>) the fact that every man inducted into the services 
is entitled to compensation for every illness that befalls him from the moment he is 
inducted. “The non-existence of any chance to reap compensation would prevent a 
perpetuation of the neurosis.” “The state bears a great responsibility for the exis- 
tence of chronic war neurosis because it provides something to be coveted in case 
of chronic neurotic invalidism. It makes itself guilty of tempting the neurotic person 
to become chronically ill.” He stated that this situation tended to bring about 
regression to the level of a dependent child. This puts a great financial burden on 
the people and endangers public morale. He advocated doing away with compensa- 
tion for neurosis and making this known to all; though this might at first seem 
cruel, it would really be kind in the long run. He advocated lump-sum settlement 


* Futterman and Pumpian-Mindlin 2! disagree with this; they have observed many cases of 
“traumatic war neuroses” in soldiers who sustained physical wounds. ; 


POKORNY-MOORE—NEUROSES AND COMPENSATION 557 


or unlimited therapeutic facilities for those who are seriously eager to get well. 
He stated that no one can be responsible for a person’s neurotic troubles except the 
person himself. Thomas *® stated that in his statistical analyses of psychiatric cases 
there was a history of previous nervous disorder or predisposition in 80% of the 
neuroses of war. He added that return of peace might present new and more difficult 
problems to the “constitutionally inferior.” Symonds ** discussed the symbolic value 
of psychiatric symptoms in combatants. Spitz " discussed various factors in war 
neuroses and offered some possible reasons why there might be a lower incidence 
of neuroses in World War II. Glass *° discussed treatment of combat exhaustion, 
emphasizing return to duty promptly to minimize secondary gain and avoid fixation 
of symptoms. 

Hyslop,’ writing in 1925, stated that by then the World War (1) veterans who 
presented themselves were predominantly of a different type from those seen 
immediately after the war in that the later group had a high proportion of the 
“socially inadequate individual.” He felt that compensation played an active part 
in the neuroses of only 16% of the patients that he saw, although his emphasis is 
against compensation. Pringle,®* in 1927, contrasted neuroses seen in private prac- 
tice with those seen in the Veterans’ Bureau, stating that the latter group “are in 
most cases difficult to clarify.” He said that compensation given as a reward for 
illness is a barrier to treatment and suggested some sort of “final decision prior to 
treatment.” 

Brend ® stated that in Britain 60,000 cases of neurosis were accepted for pension 
by the Ministry of Pensions and that in 1938, 20 years after conclusion of hostilities, 
the Ministry still had 29,000 cases on its hooks. He emphasized predisposition and 
said that those who broke solely from severe external stress tended to recover 
rapidly after the war. 

Kral *° wrote of psychiatric reactions to severe, chronic stress in a prison camp 
in World War II. This was in a country surrounded by fighting, where there was 
no chance of secondary gain from illness. He observed that the old, long-lasting 
psychoneuroses improved under these circumstances to such an extent that patients 
could be considered practically cured. After liberation there was some return of 
symptoms. No new cases of psychoneurosis developed during internment, possibly 
because there was no compensation and nothing to gain; i.e., the neurotic would 
not be evacuated from danger and would certainly be given no advantages. Some 
in whom symptoms developed for the first time after release responded rapidly to 
psychotherapy. 

Nardini *' discussed factors which he observed to be important in survival of 
prisoners of war of the Japanese. He discussed the great stresses and mentioned 
the small incidence of functional psychoses during internment. He stated that the 
previously neurotic prisoners showed few disruptive or disabling symptoms under 
prison conditions ; he suggested that the quiet, passive, unassertive life suited them 
better than situations requiring personal initiative and responsibility. He did not 
discuss the postliberation course of these persons. 


Kalinowsky,*' in an excellent article, discussed contrasting experiences among 
armies and civilian populations of different countries, as well as contrasting experi- 
ences of Germany during World Wars I and II, between which the laws and general 
attitudes toward compensating neuroses were revised. He pointed out that in the 
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United States Army discharges for neuropsychiatric reasons, including personality 
difficulties, numbered 49% of all separations from service, even after 38% of all 
rejections had been for psychiatric reasons. Yet in countries affected more directly 
by war actions, there were fewer neuropsychiatric problems in evidence; it seemed 
as if the greater the external stress, the fewer neurotic reactions. He discussed 
various interesting theoretical possibilities concerning etiology of neurotic reactions. 
He quoted Bonhoeffer and stated that expert testimony from his hospital in 1926 
led to a decision of the highest court for insurance cases in Germany to the effect 
that “when a disability is caused by the patient’s idea of being sick, or by more or 
less conscious wishes, the preceding traumatic experience is not the essential cause 
of his disability, even if the traumatic experience elicited the idea of being sick or 
raised the hope for financial compensation.” This court decision led to a great 
decrease in functional nervous disorders, which continued through World War II; 
patients whose cases became “fixed” before this decision are still in evidence and 
seem pitiful in comparison. “These patients frequently offer a desolate picture and 
represent a sad comparison to the cases that never receive any pension. They usually 
perpetuate their symptoms and require continuous treatment to which they do not 
respond, as, in general, treatment of chronic war neurotics with pension claims is 
a hopeless proposition as experienced by many psychiatrists treating such cases. 
They often become a burden to their families. Their resentful attitude makes them 
difficult, and they often create a pitifully deteriorated atmosphere in their homes.” 
Kalinowsky reported an observation from World War I: “During the battle of 
Verdun war neuroses became frequent among German soldiers but were entirely 
absent in Allied prisoners who had gone through exactly the same battle action. 
The explanation for this phenomenon was seen in the German soldier’s wish to be 
withdrawn from the front line, while the prisoner could not gain from any neurosis 
since for him the battle was over.” He also gave many examples of extreme stress 
without precipitation of neurotic reactions. “Psychiatrists from many countries who 
studied this question reported the astounding fact that there seems to be hardly any 
limit to man’s ability to stand terrifying experiences.” He suggested that in states 
of emergency the group becomes more important than the individual person and 
external pressure strengthens rather than weakens resistance against expression of 
neurotic symptoms. The opinion was expressed that neuroses develop more easily 
before a background of security of the total population, when the weak are in danger 
of losing out in the fight for social survival. 

Dancey ™ pointed out that a pension for neurosis may lead the veteran to believe 
that his illness is irreversible and entirely related to service. “Any encouragement 
toward the acceptance of his illness as a means of escaping his responsibilities is 
therefore dangerous and may well develop from compensation in the form of pay- 
ment of money. The subject, under such conditions, is apt to feel more and more 
disabled and to demand repeated increases in his income from a state that has 
already assumed a certain responsibility for his illness.” He described experiences 
under the Canadian pension system, according to which most neuroses are con- 
sidered preservice in origin and are not compensated ; results of treatment in Canada 
seem encouraging, with definite benefit in 75% of the cases. Bonner and Maletz? 
wrote of a one-year experience in a neuropsychiatric clinic, with a total of 30 
patients of whom 8 had been overseas and 4 in combat ; 12 were drawing compensa- 
tion, and there was extreme difficulty in getting them back to work. Solomon ™ 
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emphasized vigorous treatment and rehabilitation, with awareness of the hostile 
dependent behavior in those with compensation. McConnell * stated that veterans 
have been made to feel dependent and insecure by the “do-gooders” groups and the 
“dole”; he did not blame the medical services but the “do-gooders” who “move 
heaven and earth to locate these men, many of whom had gone to work and were 
making a good adjustment, to tell them of their ‘rights.””” He emphasized that all 
this was done in the spirit of benevolence, good fellowship, and the eternal idea of 
fighting for the rights of disabled war veterans. “It did not take these people long to 
discover that they were being paid for symptoms.”” He advocated discontinuing the 
“dole system’ and inaugurating a truly modern psychiatric program. Futterman 
and Pumpian-Mindlin *! wrote of experiences with traumatic war neuroses in a 
mental hygiene clinic. In their patients they did not find that an injury protected 
a soldier from anxiety ; they saw a relatively high frequency of combat neuroses that 
followed hospitalization for medical or surgical reasons. They pointed out that 
veterans tend to idealize their preservice adjustment, but they did not feel that desire 
for monetary compensation plays a predominant role in motivating this distortion. 
Ripley and Wolf ** reported on a long-term study of 100 combat-area schizophrenic 
reactions. These patients seem to have adjusted relatively well after the war. The 
amount of compensation had for most been gradually reduced, though three-fourths 
still receive some. The authors found that there had been more emphasis on evalu- 
ating the men for compensation than rehabilitation. 

Brill and Beebe,'® in a preliminary report on follow-up of 955 psychoneuroses, 
stated that “of the men drawing compensation, the examiners felt that compensation 
had an ill effect on 19%, a helpful effect on 18%, and no effect on 63%.” “This is 
a sharp contrast to experience with workmen’s compensation cases and it may be 
because of the relatively small payments that the veterans are receiving.” They did 
not mention their criteria for stating that compensation had an ill, good, or neutral 
effect. Their data suggested that a disability discharge in itself might lead to a 
poorer prognosis ; “it is possible that a man who is discharged as disabled may have 
to contend with the psychological factor of being considered sick, including the 
temptation of secondary gains, and therefore not do as well as a similar man who 
is returned to duty and later separated administratively on points.” They emphasized 
that the psychoneurotic disorders in their group were not static, that more than 
one-half of the patients were improving, while some had grown worse. Severe 
disability was related to psychiatric difficulty prior to service and not to duration 
or severity of combat. Brill and Beebe ™ stated that the man who was discharged 
on psychiatric grounds appeared to be twice as apt to be sick on follow-up as a 
similar man who was returned to duty and later discharged administratively. They 
stated that hospitalization per se aggravated disability in many psychoneurotics, and 
they advocated revision of the service medical system which emphasizes hospitaliza- 
tion. Pringle * also stated that handling of neurotics in hospitals was not desirable. 
Matz ** agreed and advocated outpatient treatment. 


COMMENT AND CONCLUSIONS 
1. During the past two or three decades there has been little change in the tenor 


of the articles concerning this subject; for example, the discussion in Bleuler’s text- 
book (1924) does not sound much different from recent articles. 
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2. There is a marked uniformity of opinion among the medical authors that 
compensation for neurosis should be abolished or that changes in the administration 
of compensation should be brought about. 

3. The majority of the authors agree in their general recommendations (rapid 
examination and diagnosis, lump-sum settlement # or no award, no continuing 
pension inversely proportional to work done, increased facilities for treatment and 
rehabilitation ), but these seem to have had little or no effect on legislation and the 
general cultural trends (at least in the United States). 

4. There is no general agreement about the etiological factors, but the following 
are prominently mentioned: individual predisposition, the possibility and avail- 
ability of compensation, injudicous early handling, delay in settlement, the impossi- 
bility of making a final settlement, the efforts of oversolicitous families and associates 
(which may be the expression of a general cultural attitude), and social institutions 
which appear to favor the “injured.” 

5. Many of the authors point out that compensation represents all types of 
secondary gain and not just money. 

6. It appears that this is more than a medical problem, and any exclusively 
medical attempt to interpret it will fall short. It ramifies into numerous other fields, 
such as Law, Sociology, Economics, Government, Social Psychology, Cultural 
Anthropology, and even Philosophy. An interdisciplinary approach might prove to 
be the most productive. 


# British authors mostly oppose lump-sum settlement. 
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ARDNER* at the Silicosis Symposium in 1937 summarized the state of 

knowledge concerning the toxic action of silica in tissue as follows: “The 
solution hypothesis cannot comprehend all of the observed facts; purely mechanical 
injury obviously does not produce such reaction for the hard, sharp particles of 
diamond, aluminum oxide and silicon carbide cause no fibrosis Obviously it 
still remains for someone to make the crucial experiment which will prove the 
mechanisms by which silica exerts its influence on the tissues.” 

The status of our knowledge has not materially changed since the above state- 
ments were written. The present studies were initiated to reevaluate the toxicity 
of silica. 

The first part of this work consists of a study of the chemistry of silicic acid 
(H.SiO;) solutions and the evaluation of their toxic manifestations. Silicic acid 
has been characterized by titration as a weak acid having a pH of 10.41 by Chalter- 
gie.” This value for the pH was confirmed in this laboratory. The other known 
characteristics of this acid have been determined indirectly by a study of its salts. 
The silicates have been studied extensively. A careful search of the literature has 
failed to reveal any data on the concentration of silicic acid (H2SiO;) dispersed 
in molecular form in solutions at equilibrium with silica gel. The determination of 
the silica gel—silicic acid equilibrium concentration of silicic acid is pertinent to 
the study of the toxicity of silica in view of the long established but still undefined 
hypothesis embodied in “the solubility theory of silicosis.” 

Gye and Purdy * defined in their study the toxic properties of colloidal silica 
gel. Subsequently, many workers in the field of silicosis have tried to substantiate 
the solubility hypothesis. This hypothesis suggests that particular crystalline silica 
less than 5 » in size is toxic, because it dissolves at a rate sufficient to cause colloidal 
silica to form in the tissue fluid. Gardner! summarized the pertinent points of 
difference between the observed facts and the solubility hypothesis at the Third 
Saranac Symposium. The definitive experimental work necessary to define the 
action of silicic acid (H2SiO;) on the body has not been reported to date. 


From the Department of Biochemistry, The Trudeau Foundation. 
1. Gardner, L. U.: Proceedings of the Third Symposium on Silicosis, 1937, p. 75. 


2. Chaltergie, B.: Electrochemical Properties of Colloidal Silicic Acid: I. Interaction with 
Bases, J. Indian Chem. Soc. 16:589, 1939. 


3. Gye, W. E., and Purdy, W. J.: Poisonous Properties of Colloidal Silica: Effects of 


Parenteral Administration of Large Doses, Brit. J. Exper. Path. $:75, 1922; Poisonous Proper- 
ties of Colloidal Silica, ibid. 5:238, 1924. 
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The molecular dispersion of a compound in a solvent generally favors chemical 
reaction between the components of a solution. Pharmacologically, it is true that 
all known toxic agents react with or alter some normal constituent of the body in 
which the toxic action is elicited. These studies began by defining the character- 
istics of water solutions of silicic acid (H2SiO3;). Since protein solutions are 
essential to and characteristic of normal living tissues, it was decided to study 
the interaction of protein solutions with silicic acid solutions. 

For purposes of definition the silicic acid solutions in these studies were either 
centrifuged through dialysis tubing to eliminate colloidal silica gel or made at a 
concentration below the gel point to insure a molecular dispersion of the silicic acid. 


EXPERIMENTAL PROCEDURES 

Determination of Silicic Acid in Water.—aA\l\ silicic acid analyses were per- 
formed by a method adapted to biological material from the work of Straub and 
Grabowski.* The molybdate blue method is particularly suited to this study, since 


molecular dispersion of the silicic acid is necessary for the colorimetric reaction to 
take place. 


Reagents. The reagents employed were as follows: 


Acid molybdate: dissolve 20 gm. of (NHs)sMo:;Ox .4H.O in water, add 25 ml. of concen- 
trated HCl, and make up to 200 ml. 


Oxalic acid: 7.5%; dissolve 7.5 gm. of (COOH). or 10.5 gm. of (COOH):.2H:O in water 
and make up to 100 ml. 

Reducing reagent: dry mix 30 gm. of NaHSOs, 1 gm. of NazSOs, and 0.5 gm. of 1-amino-2- 
napthol-4-sulfonic acid, dissolved in water, and make up to 200 ml. The dry mix can be stored 
as a stock reagent. 

SiO, standard: dissolve 314 mg. of NazSiFs in 1 liter of H.O; store in a plastic bottle 
(1 ml.=0.1 mg. SiO:). 

Method. The experiment procedure was as follows: 


Place an aliquot of silicic acid solution in a 50 ml. Pyrex volumetric flask, add 1 drop of 
bromophenol blue, dilute to 40 ml. with water, and add 1 M HCl dropwise until yellow. Add 
2 mi. of acid molybdate, wait five minutes, add 2 ml. of oxalic acid, shake, and add 1 ml. of 
reducing reagent. A blank containing no silica and a standard containing 0.1 mg. of SiOz are 
prepared and read with all unknown samples. Make to volume and read on Coleman Jr. spec- 
trophotometer at 700 mu after 20 minutes. The sensitivity of the method may be increased by 
reading the samples at the maximum absorption wave length of 820 ma. The color is stable for 
24 hours. The method conforms to Beer’s Law, and calculations are made on the standard 
reading. If phosphorus is present in the sample in excess of 2.5 mg., it must be removed. This 
will be discussed later in connection with urine analysis. 


One of the unknown physical properties necessary in the toxicity study was the 
concentration of H2,SiOs in equilibrium with silica gel in water. This figure, not 
being available in the literature, was determined in the following way: 


A solution of Na2SiOs containing 220 mg. of SiOz per liter was prepared and exactly neu- 
tralized with HCl. The clear solution was placed in a plastic bottle and kept in a water bath at 
38C. A suspension of silica gel (Baker's silicic acid) in water was placed in another plastic 
bottle and kept under the same conditions. The samples were prepared for analysis by filtering 
through dialysis tubing in the centrifuge. The results are given in Table 1. 


These results show that a silicic acid solution containing less than 160 mg. of 
SiOz per liter would not form a colloidal solution when neutralized. 


4. Straub, F. and G., Grabowski, H. A.: Photometric Determination of Silica in Condensed 
Steam in Presence of Phosphates, Indust. & Engin. Chem., Anal. Ed. 16:574, 1944. 
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Silicic Acid-Protein Test Systems.—Dialysis experiments were then performed 
to determine if silicic acid would react with protein solutions. 


A solution containing 100 mg. of SiO. per liter was prepared and allowed to dialyze into 
solutions of bovine albumin and fibrinogen. It was found that an equilibrium concentration was 
attained across the membrane in 24 hours. The silicic acid could then be completely dialyzed 
away from the protein solution in another 24 hours by replacing the silicic acid solution with 
saline solution and changing this several times. The data are given in Table 2. 


These data demonstrate that no interaction of silicic acid with proteins takes 
place in solution, since it does not concentrate on the protein side of the membrane 
and is readily removed by back dialysis. 

The effect of protein solutions on the gel formation of silicic acid was tested 
in the following way. 

Solutions were prepared to contain as much as 500 mg. of SiOz per liter in the form of 
NaSiO: and 5% bovine albumin. These solutions were carefully neutralized to pH 7 with HCl 


and placed in the refrigerator. Observations for precipitation or gel formation were made each 
hour for six hours after preparation, then observed daily for three weeks. 


Taste 1.—H.SiOs in Equilibrium with Silica Gel 


NaeSiOs Baker's 
Date Gel Si0e-XH2O 
2/25/50 220 mg./1. 0 mg./1. 
182 mg./l1. 142 mg./1. 
165 mg./1. 166 mg./1. 
166 mg./1. 170 mg./1. 


TABLE 2.—Dialysis of Protein Solutions with Silicic Acid 


Before Dialysis Equilibrium Back Dialysis 
Silicie acid 66 mg./l1. 
Fibrinogen * 65 mg./1. 3 mg./l1. 
Albumin * 66 ing./1. 5 mg./l. 


* Fibrinogen and albumin solutions equilibrated across a dialysis membrane with silicic acid solution 
of 100 mg. per liter. 


In none of the protein solutions was gel formation detected, and precipitation 
was only observed after two days. Control solutions prepared at the same time 
flocculated during neutralization, and gel formation ocurred on standing for two 
hours. These results show that protein solutions delay the formation of a gel phase 
by silicic acid. 

In the above analyses for silica, it was found necessary to adapt Straub and 
Grabowski’s * method to biological material by ashing the sample containing 


organic matter in a platinum crucible and fusing the ash with sodium carbonate. 
The method used is as follows: 


Dry the protein solution in a platinum crucible at 110. C.; place on a hot plate and heat until 
smoke ceases to come off; place a heat lamp over the open crucible on the hot plate, and car- 
bonize until the smoke ceases to come off. Place the carbonized sample in a muffle furnace at 
600.C. until the ashing is complete. Any small specks of carbon may be cautiously burned off 
over a Meker burner. Sodium carbonate (200 mg.) is then added, and the ash is fused to a 
clear melt. After the melt is cool, it is dissolved in water, and a drop of bromophenol blue is 
added. Dilute HCI is then added until the color changes to yellow, and the solution is washed 
into a 50 ml. Pyrex volumetric flask. Analysis for silica is then continued as described above. 


| 
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Solubility Studies with Quartzs.—Since no reaction between silicic acid and 
protein solutions was demonstrated, an experiment was performed to determine 
if the solubility of quartz was affected by salts or proteins. 


In this experiment 0.5 gm. of quartz particles (1 to 34) was suspended in 15 ml. of each of 
the following solutions: water, pH 7.2; muscle salts solution, pH 7.4, and 5% bovine albumin 
solution, pH 7.3. The muscle salts solution had the following composition and was used at a con- 
centration of 2 gm. per liter: ; 


0.107 M NaoCOs 0.006 M 
Me(Cl)e 0.294 M KeHPO. 0.152 M 
CaCle 0.101 M KeCOs 0.014 M 
Nacl 0.460 M 


The suspensions were set up in triplicate in plastic test tubes and constantly agitated by fas- 
tening the tubes to the face of a slowly rotating wheel. Two of each set of tubes were removed 
from the agitator each 24 hours, centrifuged, the supernatant removed, analyzed for silica, and 


TABLe 3.—Solution of Quarts (1 to 3u) 


Salt Solution Albumin 


SiOe Total SiOz Total 
Mg. SiOz Me./L. Meg. SiOz Mg./L. Mg. SiOz 
0.027 72 0.110 0.38 0.0057 
0.023 6.65 0.100 0.35 0.0053 
0.022 4.04 0.061 0.31 0.0047 

0.081 28.6 0.430 0.30 
0.016 15.6 0.233 0.18 0.0027 
0.013 54 0.081 O34 0.0051 
0.018 6.6 0.100 O34 0.0051 
0.015 4.0 0.060 0.15 0.0023 
0.012 3.9 0.059 0.12 0.0018 
0.018 50 0.075 0.13 
0.012 3.6 0.11 


0.010 2.91 0.09 0.0013 


0.217 0.0422 


0.180 0.025 


TaB_e 4.—Relative Rate of Solution of Quarts (1 to 3u)* 


Continuous Solvent Changed 
Extraction aily 
—, 


Mg. SiOe Relative Mg. SiOz Relative 
Dissolved Rate of Dissolved Rate of 
in 15 Days Solution in 15 Days Solution 
Albumin + 0.9% NaCl 1 0.042 
Salt solution 25 10 1.407 


7 0.217 


* Relative rate based on albumin value = 1. 


fresh solutions placed on the desi. Thus the dust in two of the three tubes was resuspended in 
fresh solvent each 24 hours for the duration of the experiment, while the remaining tube was 
continuously extracted with the same solvent for the duration of the experiment. The results of 
this experiment are given in Tables 3 and 4. 


The presence of salts in the solution increased the rate of solution of quartz. 
However, in no case did the concentration approach the gel point of 160 mg. per 


Water 
SiOz 
Days Mg./L. 
0.7938 
* Two-day sample without changing solvent. 
t Continuous extraction in the same solvent. 
: 
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liter. In every case the resuspension of the quartz in fresh solvent each 24 hours 
increased the total silica removed as silicic acid. Albumin is shown to delay the 
rate of solution of quartz, the rate of solution of quartz in albumin being even 
slower than in water. From the silicic acid obtained in the tubes agitated contin- 
uously without changing the solvent, it is indicated that even dilute solutions of 
silicic acid lower the rate of solution of quartz. 

During this experiment it was observed that quartz adsorbed albumin on its 
surface, since in this tube the particles clumped together and suspension was diffi- 
cult to maintain. This phenomenon will be discussed in a subsequent paper. 

Excretion of Silicic Acid by Rats—To test the possibility that silicie acid 
might be retained by some specific substance in the animal body, dilute solutions 
of sodium silicate were injected intravenously into 250 gm. rats. The dose per 
animal was 0.5 mg. in 1 ml. of saline given on four consecutive days. The urine 
from each injected animal was collected daily and analyzed for silicic acid. The 
data from this experiment are given in Table 5. To eliminate interference with 
the silica determination, it was necessary to remove part of the phosphate con- 
tained in the urine by the following precipitation procedure: 


Reagents. The reagents employed were as follows: 

CaCle: 1 M; dissolve 50 gm. of CaCO; and 83 ml. of concentrated HCl in water and make 
up to 500 ml.; filter. 

NaOH: 1 M;; dissolve 2.3 gm. of sodium metal in 100 ml. of H.O; store in plastic bottle. 

Charcoal: to 5 gm. of charcoal in 100 ml. of H.O add 5 gm. of NaOH pellets, boil, filter on 
Buchner funnel, wash three times with water, once with dilute acetic acid, once with alcohol, and 
dry in oven. 

Glacial and 10% acetic acid. 

Method. The experimental procedure was as follows: 


Place 3 ml. of urine in a 50 ml. Pyrex volumetric flask, add a drop of phenolphthalein, and 
if alkaline neutralize with 10% acetic acid. Add 2 drops of glacial acetic acid and boil to pre- 
cipitate any proteins from the urine. Dilute to about 15 ml., and add 1 ml. of 1 M CaCle. Bring 
the pH up to the first tinge of pink by adding 1 M NaOH dropwise. Add about 20 mg. of carbon, 
swirl, and make to volume. Shake hard and filter on a Pyrex funnel with No. 42 Whatman 
filter paper. Place a 25 ml. aliquot of the filtrate in a 50 ml. flask and develop the silico-molyb- 
date color as previously described. The recovery of silica by this method is given in Table 5. 


Taste 5.—Silica Recovery from Rat Urine 


Urine Optical Recovery, 
Volume SiOz Added Density * SiOe Found * % 

0 0.050 mg. 0.265 0.050 mg. 

3 ee. 0.000 mg. 0.115 0.022 meg. 

3 ee. 0.050 meg. 0.352 0.066 mg. 


* Values given are average of three determinations. 


All rats used in the silicic acid excretion experiments were maintained on a low silica diet 
(15 gm. per day) for at least three weeks previous to their use. The diet had the following 
composition : 


Low Silica Diet for Rats 


2 
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The urine was collected in plastic beakers from metabolism cages having lucite rods for 
flooring, equipped with Monel funnels containing a nichrome screen to retain feces. The data 
in this experiment (Table 6) show that silica in solution is rapidly removed from the body via 
the urine. 


Tasie 6.—Excretion of Na2SiOs by Rats 


Mg. Silica in Urine Daily 


Controls Amount Injected 
Adminis- _sInjected, 

Date tration Rl R2 ke 3 R4 
We 0.115 0.103 0.5 0.139 0.077 
0.132 0.177 0.5 0.340 0.435 
0.074 0.158 0.5 0.266 0.317 
0.082 0.178 0 0.579 0.263 
0.130 0.147 0 0.207 0.182 

0.671 0.806 2.0 1.970 1.644 
Average excretion.............. 0.739 1.807 
Difference, 1.068; recovery, 53.4% 
E. 0.129 0.156 1 0.170 0.135 
0.144 0.182 0 0.814 0.617 
0.197 0.199 0 0.196 0.133 
0.470 0.537 1 1.180 0.885 
Average excretion.............. 0.504 1.032 
Difference, 0.528; recovery, 52.8% 
© MG. OF SiOz EXCRETED BY RATS INJECTED 
WITH 100 MG, SILICA GEL INTRAPERITONEALLY. 
© MG. OF Sid EXCRETED BY CONTROL RATS. 
> 
Sos 
o 
o.7F 
5 06+ 
OSF © 
O3F ° 
. 
O.1F 100 MG. BAKERS SILICA: GEL e 
INTRAPERITONEAL INJECTION 


APRIL 23, TO JUNE 2, 195! 


Excretion of silica gel by rats. 


A suspension of silica gel in saline was prepared to test the solubility of particulate silica in 
the body fluids and its excretion via the urine. The preparation used was the same gel (Baker's 
silicic acid) used in determining the concentration of silicic acid in equilibrium with silica gel in 
water. The suspension was made up in a concentration of 20 mg. per milliliter, and 5 ml. 
(100 mg.) was injected intraperitoneally into each 250 gm. rat. The urine was collected daily 
and analyzed for silica. Each experiment consisted of four control rats and four rats injected 
with silica gel. This experiment has been reproduced three times with similar results. The 
data from these experiments are shown in the chart. 
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The chart shows that a relatively soluble form of particulate silica in the body 
dissolves appreciably in the body fluids and is readily excreted via the kidney. 
Also shown in the chart are data which demonstrate that the silica content of the 
urine can exceed the value of 160 mg. per liter, the gel point in water, without 
forming a colloidal suspension. To prove this point, two analyses were made on 
the urine indicated to contain 184 mg. of SiOz per liter. The first method was that 
described for urine analysis which measures only the silicic acid molecularly dis- 
persed in solution. The second method was that described for protein solutions or 
tissue which, because of the ashing process and the sodium carbonate fusion, 
measures the total silica in the sample. Both methods gave the same value for 
silica in the urine. Therefore, all the silica contained in the urine was molecularly 
dispersed. Although in this experiment the total silica excreted per day remained 
at a high level for two weeks, it was observed that the concentration of silica in 
the urine fell rapidly after reaching the peak value of 201 mg. per liter 24 hours 
after the injection. This was due to a diuresis during the excretion of silicic acid, 
since the urine volume rose rapidly from a normal value of 8 to 10 ml. per day to 
about 25 to 30 ml. This diuresis was the only symptom of any toxicity observed 
in the rats. It was accompanied by a corresponding increase in water consumption 
by the rats following the injection of the silica gel. 

The rate of solution of 1 to 34 quartz particles in the body cavity was determined 
in a manner identical with that used in the silica gel experiment. The intraperi- 
toneal injection of 500 mg. of 1 to 3m quartz particles failed to yield enough silica 
in the urine to exceed the concentration in the urine of control animals by a sig- 
nificant amount. This experiment shows the low rate of solution of quartz in the 
tissue fluids and substantiates in vivo the results obtained in vitro with the suspen- 
sion of quartz in water, salt, and protein solutions. 

Other forms of SiOz, as silicate (olivine), opal, and vitreous silica, have been 
tested in a manner similar to the experiments described above for silica gel and 
quartz, but they have given results which fall between the extremes described. 
As such, their results are confirmatory in nature but do not add anything to the 
data already presented and are therefore omitted from this report. 


COMMENT 


In studies on the toxicity of silica in solution (H2SiO;), the molybdenum blue 
method of analysis was used, because the nature of the chemical reaction is such 
that only the the molecularly dispersed silicic acid (H2SiO3) is measured. When- 
ever the question of the presence of colloidal silica in the solutions analyzed 
occurred, this point was checked by a fusion of the solution ash with sodium car- 
bonate to disperse the total silica content of the solution. In those cases in which 
the silica in solution from particulate silica gel or quartz was determined, the solu- 
tions analyzed were filtered through cellophane membrane in the centrifuge to elim- 
inate colloidal material. 

Freundlich * in his discussion of silica sols mentions that “silicic acid, freshly 
separated from the silicate, is not colloidal but is present in true solutions ; it diffuses 
rapidly through membranes and lowers the freezing point considerably, as was 


5. Freundlich, H.: Colloid and Capillary Chemistry, New York, E. P. Dutton & Co., Inc., 
1926, p. 626. 
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first observed by Mylius and Groschuff.” A similar result was obtained by Hurd 
and Merz * who reached the conclusion that “not quite all of the simple silicic acid 
condenses to form the large polysilicic acids, but remains in equilibrium with the 
products of condensation.” In view of the solubility hypothesis of silicosis as 
expressed in the work of Gye and Purdy,’ it was important that the equilibrium 
concentration of silicic acid in the silicic acid—silica gel system be determined. The 
determination of this concentration was necessary in order to evaluate the possi- 
bility that colloidal silica may form in the tissue fluids. Silicie acid (H2SiO3) in 
solution at concentrations below the gel point exists in solution as a molecularly 
dispersed compound. Therefore, if the concentrations of silica found in the body 
fluids are lower than the gel point concentration, it would not be possible to form 
colloidal silica gel in the tissue fluids. It has been demonstrated that silicic acid 
solutions in the presence of 5% albumin have a gel point concentration considerably 
above 160 to 170 mg. per liter. The values of 160 to 170 mg. of SiOz per liter 
obtained for the silicic acid-silica gel-water system, when compared with the values 
reported by King, Stantial, and Dolan? on the silica concentration of blood, indicate 
that it is extremely unlikely that colloidal silicic acid can form at any point in the 
tissue fluids. This conclusion is further indicated by the data presented here, 
showing the lack of interaction of protein solutions with silicic acid solutions. 
These silicic acid solutions in the dialysis experiments were made below the gel 
point of silicic acid and remained in a stable molecular dispersion. The data confirm 
Freundlich’s * statement concerning the gradual change in silicic acid sols from a 
state of true solution to one of colloidal dispersion. “This transformation may also 
be followed by the fact that the original crystalloidal solution of silicic acid is unable 
to flocculate protein sols, while the solution as it becomes progressively more col- 
loidal gains this property to an increasing extent.” 

King and Belt *® state that “only a small proportion of the total silica in the 
urine may come from the lungs.” This is especially true if the dust exposure has 
been to quartz dust which constitutes an important industrial hazard but would 
be less true for workers in the silicate industries. The rapid excretion of silica in the 
urine (resulting from the intraperitoneal injection of particulate silica gel) as shown 
in the chart is further demonstration that silica in solution in the body fluids does 
not reach a toxic concentration and is readily excreted by the kidney. In view of 
the toxicity of colloidal silica gel, one is forced to accept the conclusion that none 
was formed in the tissue fluids during the excretion process. Indeed the high 
concentrations of silica measured in the urine during the excretion studies with 
silica gel were shown to be noncolloidal. The urine was shown to be alkaline 
(pH 8-9), and therefore the silica was very likely present in the urine as an alkaline 
silicate. 

The silica gel injected was neither ground to a fine particle size nor sized, and 
therefore the shape of the excretion curve in the Chart may be due to the rapid 


6. Hurd, C. B., and Merz, P. L.: Silicic Acid Gels: XIV. Dialysis of Silica Hydrosol and 
Hydrogel, J. Am. Chem. Soc. 68:61, 1946. 

7. King, E. J.; Stantial, N., and Dolan, M.: Biochemistry of Silicic Acid: Presence of 
Silica in Tissues, Biochem. J. 27:1002, 1933. 

8. King, E. J., and Belt, T. H.: Physiological and Pathological! Aspects of Silica, Physiol.. 
Rev. 18:329, 1938. 
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solution of fine particles present in the preparation. The decrease in excretion could 
be the result of the remaining average particle size in the peritoneal cavity being 
larger, thus greatly reducing the surface exposed to the tissue fluids. It is indicated 
that the silica going into solution in the body fluids is rapidly and efficiently removed 
via the urine. This observation is substantiated by the silicate injections reported 
here and by the work of others.® 

The data presented here showing the interference by albumin with the rate of 
solution of quartz offer a possible explanation for the failure to detect an increased 
excretion of silica by rats administered 500 mg. of 1 to 3 » quartz dust intra- 
peritoneally. This interference with the rate of solutjon of silica is due to the 
adsorption by the quartz particle of a coating of protein. This property of protein 
adsorption may also explain the observations of King ® and associates on the 
depression of the apparent solubility of silica in body fluids. This finding will be 
discussed in a subsequent paper. 

It is possible for silica to manifest a toxic action in the body only by reacting 
with or altering some normal constituent of the body. Experimental work previ- 
ously reported by others and the work reported here strongly indicate that silicic 
acid (H2SiO3) does not produce a toxic action in the body, does not react with 
proteins, and is rapidly excreted from the body via the urine. It has been demon- 
strated that colloidal silica and particulate quartz up to 5 » are toxic to tissues of 
the body. Both of these substances have been shown to react with proteins. Since 
both colloidal silica and quartz may be regarded as a solid phase of silica, it is 
indicated that the toxicity of silica is manifest only if the solid phase is present in 
the tissue. The observation that a solid phase of silica is required to elicit a reaction 
with protein is strong evidence that the toxicity of silica may be a surface phe- 
nomenon. This evidence is abundantly supported by the many observations in the 
literature on the relationship of toxicity to the particle size of silica. Therefore, it 
is important to evaluate the possibility of colloidal silica formation in the tissue fluid 
owing to solution of particulate material deposited in the lung. 

It is indicated that the formation of colloidal silica in the body fluids resulting 
from the solution of particulate silica is improbable for the following reasons: 1. 
Silicic acid and its salts are not toxic. 2. Silicic acid in the body fluids is rapidly 
eliminated by the kidney. 3. The gel point concentration for silicic acid solutions 
exceeds the concentrations reported as present in body fluids. 4. Transformation 
of a silicic acid solution into colloidal silica gel is inhibited if alkali salts and proteins 
are present in the solution. 5. Protein adsorbed on the surface of quartz reduces 
the rate of solution of the particles. 

Therefore it is necessary to find another explanation for the toxicity of silica 
in tissues as manifested in the disease silicosis. 


SUMMARY 


The equilibrium system silica gel—silicic acid—water is shown to contain 
between 166 and 170 mg. of SiOz per liter dispersed as H2SiO3; in the water phase. 
Silicic acid is shown to be rapidly excreted in the urine whether it arises as a result 


9. King, E. J., and McGeorge, M.: Biochemistry of Silicic Acid: VI. Solution and Excre- 
tion of Silica, Biochem. J. 32:426, 1938. King, E. J., and Dolan, M.: Silicosis and the Metabo- 
lism of Silica, Canad. M. A. J. 81:21, 1934. 
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of solution of particulate material or silicate administered parenterally. The rate of 
solution of quartz particles is shown to be depressed by albumin and greatly 
enhanced by the presence of salts in the solvent water. Albumin in a silicic acid 
solution is shown to inhibit gel formation at concentrations greatly in excess of the 
equilibrium value found for the silica gel—silicic acid—water system. 

The above facts make it appear improbable that colloidal silica gel can be formed 
in the tissue fluids from the solution of particulate silica deposited in the tissues. 
Because of the lack of demonstrable toxicity obtained with soluble silica, it is neces- 
sary to find another explanation for the toxicity of silica in tissues as manifested 
in the disease silicosis. 


Dr. Karl Paul Link, Dr. A. J. Lanza, and Dr. O. Sidney Orth offered suggestions in 
reviewing the manuscript. 


FLUCTUATIONS OF BREATH RADON IN: SUBJECTS 
SEATED AT REST 


E. J. MARTIN, M.D. 
AND 


J. K. W. FERGUSON, M.D. 
TORONTO, CANADA 


HE ELIMINATION of radon from radium in the human body takes place 

mostly through the lungs and is usually measured and expressed as the radon 
content of 1 liter of expired air. It is then assumed that the volume of air exhaled 
per minute is approximately 5 liters and that 1 liter is the equivalent of a period 
of breathing of 12 seconds.’ With this simplification, the amount of radium in the 
body is estimated from the amount of radon exhaled during 12 seconds. 

Since the generation of radon from radium proceeds at a constant rate, whereas 
the respiratory minute volume is known to fluctuate widely,’ actual measurements 
of the radon exhaled per minute should be more accurate and more relevant than 
measurements of radon concentration in the exhaled air. 

A method has been developed to determine the actual amounts of radon exhaled 
during short periods of time. Since it has been customary to take samples for 
analyses of radon from seated subjects, we have studied the natural variation of 
respiratory minute volume (RVM) for subjects in this posture and its effects on 
the radon content of exhaled air expressed as curies per liter (CL) and on the rate 
of radon elimination in curies per minute (CM). 


METHODS 


The breath-sampling method previously described® was redesigned to permit prolonged 
breathing of radon-free air and measuring the radon output per unit time as well as per unit 
volume of expired air. The subject, seated in an armchair, with his nose either clamped or 
plugged, depending on his preference,2” breathed through a basal metabolism mouthpiece, 
located as shown in Figure 1. Connections between parts of the apparatus through which the 
subject breathed were made with 3% in. (1.9 cm.) rubber tubing. 

The instrumental dead space between the nonreturn valves and the edge of the basal metabo- 
lism mouthpiece was from 7 to 18 cc. in different models used. The total dead space of the 
apparatus which required flushing with exhaled air was 600 to 700 cc. A surface-tension-lower- 
ing agent, polyoxalkylene derivative of sorbitan monooleate (Tween 80), was added to the water 
into which the side tube outlets were dipped. The side arm outlets 9 and the terminal 


Supported by a contract from Atomic Energy of Canada, Ltd. 
From the Department of Pharmacology, University of Toronto. 


1. Evans, R. D.: Protection of Radium Dial Workers and Radiologists from Injury by 
Radium, J. Indust. Hyg. & Toxicol. 25:253-269 (Sept.) 1943. 

2. (a) Handbook of Respiratory Data, Washington, National Research Council, 1944. (b) 
Magnussen, G.: Studies on Respiration During Sleep: A Contribution to the Physiology of 
the Sleep Function, London, H. K. Lewis & Co., Ltd., 1944. 


3. Martin, E. J., and Ferguson, J. K. W.: Radon in Normal Breath, Canad. J. M. Sc. 
30:42-47 (Feb.) 1952. 
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flushing device 10 were fitted with clamps. The sample bottles were Pyrex aspirator bottles * 
with necks drawn out to allow direct connection with % in. rubber tubing. The breath sample 
bottle was filled with radon-free water. Its outlet was extended by means of rubber tubing of 
¥, in. (1.25 cm.) bore, which was closed by clamp C, filled with water and dipped into water. 

In our experiments we took up to three samples in one run, at intervals of 10 to 15 minutes, 
so that the subject had to hold the mouthpiece in the mouth sometimes for 50 minutes. To assure 
permanent airtightness and to support the lips around the mouthpiece, strips of adhesive tape 
were placed around the lips. 

For 10 minutes or more, the subject inhaled air from the gasometer A and exhaled in the 
direction of the sample bottle. During that time the gasometer B and the entire circuit up to the 
surface of the water in the sample bottle were filled repeatedly with the subject’s expired air 
and emptied through the flushing device with appropriate manipulation of the three-way valve, 
the gasometer B, the clamps at T-joint 9, and the terminal flushing device. Then, starting at the 
end of a normal expiration, expired air was collected in the gasometer B. The time necessary for 


Fig. 1—Diagram of apparatus for sampling of expired air. 1, tank with compressed aged ~ 
air and pressure regulator ; 2, gasometer A (100 liter capacity) containing a humidifying device ; 
3 and 4, nonreturn valves; 5, T-joint with side arm and basal metabolism mouthpiece; 6, saliva 
trap; 7, three-way valve; 8, gasometer B (10 liter capacity) ; 9, T-joint; 10, terminal flushing 
device; 11, sample bottle, and C, clamp. 


obtaining a gas volume of approximately 6 liters was measured with a stop watch at the end of 
a normal expiration and the exact volume read on a scale. The space between gasometer and 
sample bottle was flushed with part of this gas, then clamp C was opened and the sample bottle 
filled with the gas from the gasometer by displacing the water. 

The time of contact of the gas with the walls and the water of the gasometer B was approxi- 
mately two minutes, which included the time for filling the gasometer B, for making and record- 
ing the readings, and for transferring the sample from the gasometer into the sample bottle. 
With the use of a 4,600 cc. sample bottle, the latter phase required 22 to 27 seconds. 

The possibility that radon might be lost in the gasometer or in the water of the sample bottle 
was tested by inserting a dry air-filled bottle in series between the three-way valve and the 


4. These simplified sample bottles were devised by Dr. E. O. Braaten, Chief Physicist, 
Eldorado Mining-Refining Co., Port Hope, Ont. 
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gasometer. The radon content of the expired air collected in this dry bottle was not consistently 
different from that in the sample bottle at the end of the line filled by displacement of water. 

Another control experiment is described under “Calibration.” It too indicated no appreciable 
loss of radon to the water in the sampling bottle. 

In a third series of tests, the terminal sampling bottle was filled with water at 70 to 80C. 
instead of with water at room temperature. Again no measurable differences were observable. 

Thus it appears that the theoretically expected loss of radon into the water is too small, 
under our experimental conditions, to be measurable. 

The breathing pattern of some of the subjects was noticed to become altered when the sub- 
ject watched the movement of the gasometer. Care was therefore taken to have the entire 
device placed outside the visual field of the subjects. 


CALIBRATION AND STABILITY OF EQUIPMENT 


Four ionization chambers with two amplifying and counting equipments were used. Radon 
from standard radium samples containing 10“! curies of radium * was transferred to each of the 
ionization chambers. Since the radon content in the breath of most of our subjects yielded 100 to 
400 counts per hour, the standard radon was allowed to decay until it reached a counting rate 
of the same order of magnitude. The samples were counted during four periods on four subse- 
quent nights. In each period more than 1,000 counts were registered. 

Errors possibly introduced by the passage of radon through the breath sample bottles and by 
the manipulations during the transfer of the gas from the breath sample bottles to the ionization 
chamber were evaluated by the following procedure: In one series of transfers the radon from 
the radium standards was transferred directly into the ionization chambers. In a second series, 
radon from the radium standards was transferred first into the breath sample bottles by displace- 
ment of water and from there, after 24 hours, to the ionization chamber, with the use of the 
same procedure as for the transfer of the breath samples. Corrected counts per hour obtained by 
direct transfer were compared with those obtained by transfer via the breath sample bottles. No 
significant difference was found in the average corrected counts or in coefficients of variation 
by the two methods. Storage of the samples in the counting chambers for periods up to four 
days did not influence the magnitude of the corrected counts or their variability. 

Our estimate of the coefficient of variation of a single analysis was about 0.05 (5%) at the 
radon levels of our experiments. 


Computation.—The radon content of 1 liter of breath at body temperature, pre- 
vailing barometric pressure, and saturated with water vapor (BTPS) * was calcu- 
lated by the following formula 


(100-M) (P47) T , 107 '3 C 
L: x -B 


where 


M = percentage of CO: is expired air 

P, = barometric pressure at time of filling of the ionization chamber 

P,= barometric pressure at time of sampling 

T:—= temperature (Kelvin) of the ionization chamber at time of its filling 
N =counts per hour for a 10-11 standard radon sample 

V = volume of the ionization chamber 

C = total counts of the breath sample during one period of counting 

H = number of hours of counting 

Tr = resolving time of the numerator in 0.1 second 

B=chamber background per hour 


A= 0.007551 
= time of decay of the sample in hours after delivery 
T2= 310 K. 


5. Gray, J. S.: Pulmonary Ventilation, Springfield, Ill, Charles C Thomas, Publisher, 1950. 
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When the COs content of the breath was not measured, it was assumed that 
M = 3.5%. The chambers were always filled to a pressure of Py = 757 mm. Hg. 
This yielded the following simplified formula 


4.12% 107'? Ty 
L: X -B 
NV Tr) H 


To compute the curies exhaled per minute, CO, assumed = 3.5%, the follow- 
ing formula was used 


1.28x107'4 7, c 
Me 
NV (1-C/py Tr) H 


where 


Ts = room temperature at the time of sampling 
W = water vapor pressure at the above temperature 
L = breath minute volume during sampling as read on the gasometer scale at 7; and P2 


TABLE 1.—Average Breath Radon Output 


Average Breath Radon 
in 10-12 Curies Average 


Per Literof Per Minute of Liters 
Subject Expired Air Breathing (BTPS) 


CHOICE AND PREPARATION OF SUBJECTS 


Four male subjects, 33 to 58 years old, were studied. Each had an abnormally 
high radium burden, but at the time of the experiments all had ceased working with 
radium for at least six months. At that time, significant changes in the radium 
burden of the body do not occur from week to week.® The homes of the subjects 
were investigated for possible contamination with radium. Room air samples taken 
under ordinary living conditions in the homes of four of our subjects were found to 
contain between 1.4 & 10°* and 8 10° curies of radon per liter of air. There- 
fore, it is reasonable to suppose that any of our subjects may constantly inhale con- 
siderable amounts of radon at home. To clear the bodies from this radon to a level 
where hour-to-hour changes of radon content of the breath from this source can be 
assumed to be not significant,” the subjects were lodged in a hotel outside their home 
town the night before the experiment. To minimize physical exertion by the sub- 
jects, they were brought to the laboratory by car. The average radon output of 
these subjects is shown in Table 1. 


6. Fink, R. M., Editor: Biological Studies with Polonium, Radium, and Plutonium, National 
Nuclear Energy Series, New York, McGraw-Hill Book Company, Inc., 1950, Div. VI, Vol. 3. 
7. Meyer, S.: Physikalische Grundlagen zur Radiumemanationstherapie, Sitzungsb. Akad. 
Wiss. Wien, Math.-Naturwiss. K]. Abt. Ifa, 188:557-580, 1929. Harley, J. H.; Jetter, E., and 
Nelson, N.: Elimination of Radon From the Body, Report 3, Analytical Branch, Health and 
Safety Division, New York Operations Office, United States Atomic Energy Commission, 1951. 
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Possible Contamination of Oral and Nasal Passage—lf our subjects had recently inhaled air 
with dust containing some radium, a temporary contamination of the mucosa of the respiratory 
passages might have occurred. The radon emanating from this radium could contribute in an 
erratic manner to the radon content of the expired air. 

By using subjects who had retired from radium laboratories for more than six months and 
keeping the subjects for a night in surroundings which contained no abnormal concentrations of 
radium-containing dust, it was hoped that this contamination would be reduced to a minimum. 
The adequacy of these precautions was tested by experiments made on three subjects who were 
more liable than others to present this kind of superficial contamination. — 

Subjects A and C were living in homes which were highly contaminated with radium. Sub- 
ject H was an active employee in a radium refinery and had spent the night before the experi- 
ment in his own home. He was not used in other tests. 


Analyses were made on air kept in the oral cavity for one minute or in the nasal 
passages for one minute. The radon concentration of these samples was either not 
measurable or much smaller than the radon content of the expired air. The sources 
of experimental errors were necessarily great, and it is possible that some of these 
samples were contaminated with lung air. It was concluded that any transient oral 
and nasal contamination with radium was too small to contribute measurably to the 
radon in expired air. 


Tas_e 2.—Relative Radon Output After Meals; Fasting Output =1 


Concentration in Output in 
Subject Expired Air Unit Time 
1.03 
1.44* 
1.14* 


Ingestion of Acids and Bases—Two subjects were given 6 gm. of ammonium chloride a day 
for three days and 7 gm. of sodium bicarbonate a day for another period of three days. The 
urine of both subjects was persistently acid during the feeding of ammonium chloride and per- 
sistently alkaline during the feeding of bicarbonate. Two samples of expired air were taken 
from each subject on the second day and two more on the third day. 


Differences in radon elimination in curies per liter and curies per minute attrib- 
utable to acid and alkali were not statistically siginficant. It was concluded that 
ordinary variations in the intake of acid and alkali in normal diets cannot be impor- 
tant causes of variation in breath radon from sample to sample and from day to day. 

Fasting and Feeding—Three subjects were studied, with results as shown in Table 2. 
“Fasting” samples were taken four to six hours after a light breakfast; “fed” samples, 30 to 


90 minutes after a heavy noon meal of approximately 1,200 cal. No coffee or tea was allowed 
with this meal, in order to avoid possible effects of caffeine on respiration or circulation. 


After heavy meals the radon elimination in curies per minute was increased in 
two of the subjects. In one of these the elimination in curies per liter was also 
increased. In the third subject, no effect on average CL or CM was observed. In 


all the subjects, however, the coefficients of variation were greater after the heavy 
meals. 


In subsequent prolonged experiments which are reported below, subjects were 
fed with small amounts of sugar and water to reduce discomfort and restlessness 


*P < 0.05. 
| 
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due to hunger. In view of the results obtained with heavy feeding, a small intake of 
sugar and water could hardly affect CL or CM to any significant degree. 


Investigation of Reproducibility—Experiments on four subjects were started two hours 
after a standard breakfast, consisting of one egg, two slices of toast without butter, one glass 
of fruit juice, and one glass of milk, between 8:00 and 9:00 a. m. Samples were taken at 
intervals from about 9: 30 a. m. until about 2:30 p.m. The subject remained connected to the 
apparatus for periods of 30 to 50 minutes, during which time two or three samples were taken. 
Then he was given an intermission of 30 minutes, during which he breathed room air, ate 5 gm. 
of sugar and drank 100 cc. of 0.9% sodium chloride solution, sat or moved around but with mini- 
mum exertion, and used the lavatory if he wished. A total of six to nine samples were taken 
each day in two or three periods. The whole experiment was repeated again at intervals of one 
to eight days. In none of the subjects was there any significant change in average radon levels 
from day to day, nor was there any significant difference in variability on different days. All 
results were therefore pooled for analysis. 

On many samples it was possible to perform duplicate analyses. These were used to estimate 
instrumental error, but only one figure picked at random was used for the averages. 


TasLe 3.—Fluctuations of ‘Radon Output Average for Each Subject =1 


Coefficient of Range 
Variation Largest Value 
a of Smallest Value 
No. of 

Subject Samples cL CL 
0.15 1.94 
0.06 1.30 
0.17 2.00 
0.16 1.85 


Analytical instrumental error, coefficient of variation = 0.05. 
Estimated error of gasometer readings = 0.02 (2%). 


One subject (B) was very stable. Fluctuations of radon output of this subject 
were hardly beyond instrumental error (Table 3). He also had the smallest varia- 
tions in minute volume of air exhaled (Fig. 2). For the other subjects, respiratory 
minute volume varied widely, as did the radon elimination in curies per liter and 
curies per minute. The coefficients of variation of CL and CM were about equal 
and were significantly higher than combined instrumental errors. The relation 
between RVM and CL in these experiments was very irregular. One subject only 
(E) showed a significant negative correlation between RVM and CL. 


COMMENT 


It is reasonable to infer that in three of our subjects the output of radon was 
modified by physiological factors which as yet are not clearly recognized. One 
factor has recently been identified as posture.’ In the erect posture, the radon out- 
put, expressed either as curies per liter or curies per minute, is consistently lower 
than in the supine posture. This is thought to be due to vasoconstriction in periph- 
eral vessels, including those of the bones in which most of the radium is fixed. The 
sitting posture is intermediate between the supine and erect postures. Small move- 
ments of legs and body and shifts in the angle at which the subject sat might be 
expected to modify the peripheral vasomotor tone toward either the supine or the 


8. Martin, E. J. and Ferguson, J. K. W.: Effect of Posture on the Elimination of Radon in 
the Breath, Science 118:112-114 (July 24) 1953. 
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erect state. A steady state of radon elimination reached in the sitting posture might 
therefore easily be disturbed. Changes in respiration, which were substantial in 
three of our subjects, must be an additional factor affecting radon output. In these 
experiments, however, no regular pattern relating respiration to radon output can 
be demonstrated. Other experiments, which will be reported separately, have 
shown that the relation of respiratory minute volume to curies per liter and curies 


° 
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+ 13 
° 
+ ° ° fad +@ 
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Fig. 2——Relation of breath radon to relative pulmonary ventilation in four subjects. The 
variables are actual values divided by their means. The + = CL/av. CL and ° = CM/av. CM. 
The + and ° from a single sample are on the same vertical line and are sometimes super- 
imposed. 


per minute is complex and depends on the duration of changes in RVM. In the 
present experiments the duration of changes in RVM was not recorded. 


SUM MARY 


The radon content of exhaled air of subjects with abnormally high but stabilized 
radium burdens was investigated, with the subjects seated at rest. Results were 
expressed as curies per liter of expired air (CL) and as curies per minute (CM) 
A method of sampling and computing CM is described. 
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Large doses of sodium bicarbonate or ammonium chloride were found to have no 
perceptible effect on radon elimination in curies per liter and curies per minute. 

Heavy meals increased radon elimination in curies per minute in two out of 
three subjects and the elimination in curies per liter in one of these two. The effect 
of feeding was not very great and not consistent. 

Repeated observations were made on four subjects over periods of two to five 
hours under conditions of minimum exertion and low intake of nourishment. In 
three of the four subjects, the coefficients of variation of CL and CM were signifi- 
cantly higher than instrumental errors and were about equal for CL and CM. In 
the same three subjects, large variations occurred in respiratory minute volume 
(RVM). Under the conditions of these experiments, no simple relationships 
between RVM and CL or CM could be identified. Other physiological factors influ- 
encing radon output are discussed. 

With the subjects seated at rest, reproducibility was poor in three out of four. 
Little or no improvement was obtained from measuring CM rather than CL. If the 
purpose of the measurement is only to follow changes in one subject, measurements 
of radon elimination in curies per liter (CL) alone are adequate. If the purpose is 
to estimate the radium content of the body, the elimination of radon in curies per 
minute (CM) must be measured. 


t 
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SERIOUS POISONING BY HEXACHLOROCYCLOHEXANE 
Clinical and Laboratory Observations on Five Cases 


E. DANOPOULOS 
K. MELISSINOS 
AND 
G. KATSAS 
ATHENS, GREECE 


EXACHLOROCYCLOHEXANE (CgH¢Cle), benzene hexachloride or B. H. 

C., a chlorinated hydrocarbon, is a widely used insecticide. Although theo- 

retically it possesses 16 isomers, only 6 have been isolated and 4 studied. The 
various commercial mixtures consist of the latter four isomers. 

Experience concerning the harmful effects of B. H. C. in man is limited. A 
two-yecr study of B. H. C. by Letard and Sacy' on adults and children produced 
no essential findings. The effects on man from the use of B. H. C. have been 
reported in detail to the Council on Pharmacy and Chemistry of the American 
Medical Association.* According to this report, the exposure of workmen to the 
powder during its preparation, packing, or use causes a slight irritation of the upper 
respiratory tract, the eyes, and the skin. In only a small number of cases has medi- 
cal assistance been required. In Argentina the frequency of dermatitis among those 
handling the powder has amounted to 25%. More serious reactions were observed 
in three American field workers who applied technical benzene hexachloride in a 
petroleum-solvent base by means of a thermal aerosol generator. During fumiga- 
tion the nebulized solution enveloped the workers, wetting them with the insecticide. 
One of the workers who was exposed most severely for approximately 20 minutes, 
some hours afterward became weak and experienced chills and fever. During the 
night he had severe headache and perspired profusely. He also experienced lack of 
normal equilibrium and depth perception. This patient recovered in approximately 
10 days, with no apparent after-effects. The other two workmen, exposed to a 
slighter degree, experienced similar symptoms although milder and of shorter dura- 
tion, i. e., severe headaches, pains in the bones and joints, high fever, cold sweats, 
dizziness, and a slight disturbance of equilibrium. The symptoms disappeared within 
24 to 36 hours. In a suicidal attempt with 30 gm. of a powder containing 50% of 
B. H. C. (15% gamma isomer ), the symptoms, similar to those observed in experi- 
mental animals, i. e., discomfort, convulsions, and tremor, appeared. Two suspected 


From A! Medical Clinic of the University of Athens (Dr. Danopoulos, director and associ- 
ate professor in medicine; Dr. Melissinos, lecturer, and Dr. Katsas, assistant). 

1. Letard, A. M., and Sacy, C. R.: Cited by Theolyre, P.: Contribution a l’étude de la 
toxicité de l’isomére gamma de I’hexachlorocyclohexane chez les carnivores domestiques, Thesis, 
1948. 

2. Toxic Effects of Technical Benzene Hexachloride and Its Principal Isomers, Report to 
the Council on Pharmacy and Chemistry, J. A. M. A. 147:571, 1951. 
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deaths by poisoning from a B. H. C. preparation for fumigation have also been 
reported, as well as the death of a child with convulsions ; proof is lacking that these 
deaths were caused by poisoning by B. H. C. Finally, another case has been reported 
from Germany. A 5-year-old girl took by accident 45 gm. of a 30% solution of 
B. H. C. in an unspecified organic solvent. Later, shortness of breath appeared, as 
well as cyanosis, vomiting, tonic-clonic convulsions, and signs of heart failure. 
Postmortem examination disclosed pulmonary edema, dilatation of the heart, fatty 
infiltration of the liver, and extensive necrosis of blood vessels in the lungs, kidneys, 
and brain. 


We herewith report our experiences with five cases of poisoning by B. H. C. 
studied in considerable detail in the A! Medical Clinic of the University of Athens. 

The patients represent a small percentage of those poisoned in the area of 
Carpenissi during the summer of 1951. Seventy-nine persons became affected 
gradually in this area by a disease with the following initial symptoms: lassitude, 
headache, vertigo, and myalgia. Later these were followed by intestinal colic, 
diarrhea, stomatitis, and, finally, symptoms referable to the nervous system. 

Epidemiologic research indicated that the above clinical picture was caused by 
the improper use of an insecticidal powder. Those affected used the powder undis- 
solved or in concentrated solution of unknown density either in water or in petro- 
leum and with these preparations they had sprinkled the ground and walls of their 
houses, as well as their bedcovers, clothes, and some of them even their own bodies. 
Of the 79 affected persons, 18 were seriously affected and 61 were slightly affected. 
Six deaths were reported. 

Five of the above-mentioned persons were sent to us, and we describe herein 
our clinical and laboratory observations on them. 

The five patients included members of two families. In one family the mother, 
aged 50, was the most seriously affected of all and died 4 days after her admission 
to the clinic, i. e., 29 days after onset of symptoms. The daughter, 13 years old, 
was also seriously affected. The father, aged 47, was the most lightly affected of 
all. As regards the other family, the mother, aged 31, and her son, aged 11, showed 
very serious symptoms. Of the four surviving patients, three were entirely cured 
after a long treatment and slow convalescence. The boy showed considerable 
improvement but later became totally blind, with spastic paraplegia. 


CLINICAL DATA 


In all these cases the clinical picture as well as the laboratory data were similar, 
differing only in intensity. The clinical picture was a gradually appearing lassitude, 
weakness, stomatitis, intestinal colic, and diarrhea. Eventually central nervous 
system symptoms made their appearance and colored the whole clinical picture ; 
i. e., these were, on the one hand, spasmodic manifestations (increase of the muscle 
tone, paresis, increase of the tendon reflexes, and Babinski’s sign) and, on the other 
hand, cerebellar symptoms (ataxia, adiadochokinesia, asynergia, and tremor). Four 
patients showed mental confusion, with delirium and choreic and athetotic move- 
ments. The first patient had repeated clonic and tonic convulsions the day before 
her death. In three of the five patients, a tremor of the limbs and of the head was 
observed ; this was especially obvious in the patient of the third case. In every case 
dysarthria of a slow scanning and undulating type was noted. The fourth patient 
complained of diminution of sight without any objective findings in her eyes. Her 


\ 
4] 
‘ 
4 
a 


584 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


son became totally blind because of atrophy of the macula due to optic neuritis 
(another of her sons, not treated in our hospital, manifested, according to his 
mother’s information, a temporary diminution of sight). The fifth patient was 
transferred to the hospital in mental confusion and with signs of flaccid paralysis, 
which in about five days gave way to a spastic type lasting until he left the hospital. 
The symptoms of the intestinal tract, consisting of colic and diarrhea, lasted only 
a few days during the onset of the disease and ceased after the nervous system 
symptoms appeared. The stomatitis, however, with a marked localization in the 
vestibule of the mouth, lasted for a considerable period during the illness. No 
other pathologic signs were observed in the other systems. In the most acute stage 
of the disease, some of the patients presented a fall of blood pressure and tachy- 
cardia. The electrocardiogram of the patient of the first case showed a depression 
of the S-T segment, with a biphasic T wave in Lead I. A profound and negative 
T wave was shown in Leads II and III, the same as in the unipolar V; and Vp 
and precordial leads. In the second case, there were noted a low T wave in Lead I 
and an isoelectric T wave with a depression of the S-T segment in Lead II. In the 
third case there was an elongation of the S-T segment in all the leads, with a pro- 
found wide and biphasic T wave in leads V, and V2. The electrocardiogram in 
the fourth case was normal, as well as that in the fifth case. The changes in the 
electrocardiograms disappeared quickly, i. e., within five days. The convalescence 
was exceptionally slow. An intense muscular weakness kept the patients in bed 
for a long time. 
LABORATORY DATA 


In all these cases the cerebrospinal fluid showed no abnormalities. The white 
blood cell count was within normal limits. The differential count showed a shiift 
to the left in three of the cases. In three of our cases a temporary increase of the 
eosinophile polymorphonuclears was found (it must be noted, however, that in these 
three cases there was also an intestinal parasitosis). In all cases a diminution of 
the red blood cell count was noticed (3,110,000; 2,800,000; 3,000,000 ; 2,650,000, 
and 2,670,000), with a color index about 1. The lack of reticulocytes in the circu- 
lating blood, the diminution of the nucleated cells of the red series of the bone 
marrow, and the lack of any signs of hemolysis are findings proving that the anemia 
was due to a toxic inhibitory influence on the elements of the red series of the 
bone marrow. The number of platelets was normal. Methemoglobin was not found 
in the blood. The blood urea was increased only in the first and fourth cases. The 
blood sugar as well as the cholesterol was normal. The blood potassium was normal 
in four cases and was considerably augmented (40 mg. per 100 cc.) in only the 
first case. The blood calcium was normal in all our cases except the fourth, in 
which it was found at the lowest normal limit (however, it should be taken into 
consideration that this patient was in an advanced pregnancy). The amount of 
chloride in the blood, on the other hand, was found very much increased in four 
cases (773, 773, 841, and 807 mg. per 100 cc. as NaCl) and at the highest normal 
level in the fifth (660 mg. per 100 cc.). A month later the blood chloride value 
was normal in every case. The blood proteins in four of the five cases were at the 
lowest normal limit and gradually became normal. (It must be pointed out that 
the inhabitants of the area of Carpenissi suffer many privations and also that during 
the month after the manifestation of the symptoms and before their admission to 
the hospital our patients were improperly fed.) The erythrocyte sedimentation rate 
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was increased in every case. The flocculation and turbidity tests were strongly 
positive for only the patient who had been affected most seriously (first case) and 
were negative for the remaining four patients. In this first case the direct reaction 
of bilirubin in the blood was slightly positive, and the urobilinogen in the urine 
increased. In the remaining four cases, however, the amount of bilirubin in the 
blood was proved to be at a normal level and the urine was free of biliary elements. 
Thus, only in the case of the patient who died (first case) can one speak of liver 
injury. As a matter of fact, the postmortem examination showed that the liver and 
kidneys had really undergone a degenerative alteration. As treatment we used 
adrenal preparations, blood transfusion, vitamins B and C, and high-protein diet. 
Soon after this treatment was begun, signs of a more rapid improvement were 
noticed. 
COMMENT 


That the poisoning was due to B. H. C. was proved by a chemical analysis of 
the powder used by the patients as an insecticide. The determination proved that 
it was composed of benzene hexachloride and magnesium silicate (40 and 60%, 
respectively). The B. H. C. was found to consist of a mixture of alpha, gamma, and 
delta isomers. B. H. C. was detected in the blood of one of our five patients (the 
small boy who was seriously affected and who lost his sight) by the chemical method 
of Howard.’ In this case, 0.00089 gm. of Gl or 0.00012 gm. of CgHeCle was found 
(in 20 cc. of blood). No B. H. C. was found in the blood of the four remaining 
patients ; this was possibly due to the fact that for technical reasons the blood test 
was belated, and in the meantime B. H. C. had disintegrated. 

Moreover, blood examinations were made on four other patients coming from the 
same area, who were not taken care of in our clinic. They showed the same clinical 
picture. The blood samples (20 cc.) had been taken immediately after the onset 
of the disease and gave the following results: (1) 0.000015 gm. of Cl which is 
equivalent to 0.0002 gm. of CgHe¢Cle; (2) 0.00056 gm. of Cl, or 0.00076 gm. of 
CeHeCle; (3) 0.00017 gm. of Cl, or 0.00014 gm. of CgHgCle, and (4) 0.0000810 
gm. of Cl, or 0.00010 gm. of CgHeCle. 

As previously mentioned, cases of acute poisoning with B. H. C. have been 
rarely reported. Manifestations of the chronic effects of B. H. C. in man appear 
only as an irritation in persons handling it. Even these symptoms are referred to 
as being very mild, and very few patients have required the aid of a physician. 
On the contrary, in our cases the symptoms appeared after the patients had remained 
for about a month in the infected area. We wonder whether the substance itself 
had been absorbed and thus caused the poisoning or whether it had been previously 
decomposed and caused the disease through its toxic products. However, B. H. C. 
is a stable chemical compound that can with difficulty be decomposed to hydro- 
chloric acid and trichlorobenzene or further. A high temperature (above 200 C.) 
or an alkaline environment is essential for its decomposition, and, considering that 
it is insoluble in water, the toxic effects of this substance are considerably reduced. 
The B. H. C., referred to above, was sprinkled on the walls and floors, the latter 
in some of these poor cottages consisting of earth. The alkaline reaction of the soil 
may have produced only slight decomposition of the B. H. C. Accordingly, we 


3. Howard, B. H.: Determination of Small Amounts of Hexachlorocyclohexane, Analyst 
72:427, 1947. 
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must admit that the substance acted as undecomposed hexachlorocyclohexane and 
that its main entrance should be considered the respiratory tract and in a less 
degree the skin. The fact that the symptoms appeared a month later proves that 
B. H. C. had acted by accumulation, though beta isomer,* principally accumulated 
because of its slow rejection, was lacking in the powder used. The gravest symp- 
toms, as already mentioned, were referrable to the nervous system. On this point 
our experience agrees with the data® on the experimental poisoning of animals. 
In these data the gravest symptoms of poisoning are indeed referable to the nervous 
system, with a particular frequency of appearance of tonic and clonic convulsions. 
Our own cases call to mind the experiments of Phillipot and Dallemagne,® in which 
apathy, progressive loss of weight, and sometimes tonic and clonic convulsions before 
death were prominent. 

The antagonism * of the different isomers accounts for the variety of the clinical 
picture. 

The pathological research’ on chronic poisoning of experimental animals by 
B. H. C. has revealed degenerative alterations chiefly in the liver and a very few 
alterations in the kidneys, bone marrow, adrenal glands, and cerebellum. The post- 
mortem examination in our first case showed degenerative alterations chiefly in 
the liver and milder ones in the kidneys and heart muscle. This is the only case in 
which the tests of the liver function were positive. On the contrary, in all the other 
cases there was not found any clinical or laboratory sign of an injury to the liver 
from the activity of B. H. C. 

The research on the electrolytes during the poisoning of the experimental ani- 
mals by B. H. C. did not reveal any change in them. Phillipot and his collaborators 
observed only an increase in the amount of potassium in the blood of those animals 


that before death showed tonic and clonic convulsions. In our cases no change 
in the amount of potassium and calcium in the blood was observed, except in the 
first case, in which the potassium was found at a high level and in which the patient 
the day before her death showed tonic and clonic convulsions. On the other hand, 
we observed ir all our cases an increase in the amount of chloride in the blood. 
This must be attributed to the liberation of chlorine from the decomposition of 


4. (a) Footnote 2. (b) Theoleyre, P.: Contribution a l'étude de la toxicité de l’isomére 
gamma de I’hexachlorocyclohexane chez les carnivores domestiques, Thesis, Lyon, 1948. (c) 
Davidow, B., and Frawley, J. P.: Tissue Distribution, Accumulation and Elimination of the 
Isomers of Benzene Hexachloride, Proc. Soc. Exper. Biol. & Med. 76:780, 1951. (d) McNamara, 
B. P., and Krop, S.: Observations on the Pharmacology of the Isomers of Hexane, J. Pharma- 
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B. H. C. in the organism. The electrocardiographic tracings for our patients prove 
that B. H. C. acts toxically on the cardiac muscle. The histologic examination of 
the heart in the first case showed degenerative alterations consisting of a moderate 
cloudy swelling and a slight fatty infiltration of the muscle fibers here and there as 
well as the breaking of some of them. 


SUMMARY AND CONCLUSIONS 


In the area of Carpenissi during the summer of 1951, a strange disease appeared 
as an epidemic. Seventy-nine persons of various ages and of both sexes were 
affected. Five of them were sent to our clinic; we received as well some of the 
insecticidal powder by which they were poisoned. A chemical analysis proved that 
the powder consisted of 40% of benzene hexachloride and that it was a mixture 
of its three isomers, alpha, gamma, and delta. Through clinical and laboratory 
observation of five poisoned persons treated by us, a description of grave chronic 
poisoning in man by B. H. C. is provided for the first time. 

The particular conclusions of this study are the following: 


1. The symptoms of poisoning by B. H. C. were seen in the gastrointestinal 
system and mainly in the nervous system. In one case complete atrophy of the 
optic nerve was noticed. 

2. B. H. C. causes an inhibition of development of the cells of the red series in 
the bone marrow, resulting in anemia. 


3. B. H. C. has a toxic effect on the heart muscle, as shown by the electrocardio- 
grams for three of our five patients as well as by the histologic examination of the 
cardiac muscle in the first case after the patient died. 


4. Poisoning by B. H. C. causes an acceleration of the erythrocyte sedimenta- 
tion rate. 


5. The tests of flocculation and turbidity were positive in only one case. In the 


other four cases no injury of the liver was found by clinical or laboratory examina- 
tion. 


6. In all the cases an increase in the amount of chloride in the blood was 
observed, while the amounts of potassium and calcium were found to be normal 
except in one case, the most serious one, in which a considerable increase in potas- 
sium in the blood was marked. 
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Correspondence 


KIDNEY INJURY AFTER CHRONIC EXPOSURE TO INORGANIC MERCURY 


To the Editor:—I am sending herewith a copy of a letter addressed to Dr. Lars Friberg 
commenting on his report, on mercury poisoning which appeared in the August, 1953, number 
of the ARCHIVES. 

Since nephrosis due to chronic occupational mercury exposure has not been frequently 
described, it might be desirable to publish my letter as confirmation of Dr. Friberg’s findings. 


LeonarD J. Gotpwater, M.D., New York. 


Dear Dr. Friberg:—The report on mercury poisoning by you and your colleagues which 
appeared in the August, 1953, issue of the A. M. A. Arcuives or INpuSTRIAL HYGIENE AND 
OccuPATIONAL MEDICINE was of great interest to me. 

In my files I found a report written by me in April, 1947. Below I quote from that report: 

“The important features in this case are: (1) occupational exposure to mercury in the form 
of oxides and in the metallic form; (2) negative urinary findings and normal physical exam- 
ination in January, 1947; (3) rather sudden onset of edema on or about April 4, 1947; (4) 
present existence of edema of the legs, scrotum, and penis and evidence of fluid in the chest 
(hydrothorax) and in the abdominal cavity (ascites); (5) absence of tremor or of significant 
gingivitis; (6) absence of anemia or hypertension; (7) present urinary findings of (a) 4+ 
protein, (b) many hyaline casts, (c) mercury in the amount of 1.018 mg. per liter, and (d) 
absence of red blood cells, and (8) blood chemistry findings, particularly (a) reduced total 
protein, 3.85 mg. per 100 cc., (b) disturbed albumin-globulin ratio, 1:2, (c) elevated choles- 
terol, 511 mg. per 100 cc., (d) elevated uric acid, 7.7 mg. per 100 cc., and (e) relatively normal 
nonprotein nitrogen and urea nitrogen. 

“The picture presented by Mr. M. is one of nephrosis or nephrotic syndrome. Among the 
important questions to be decided is that of causal relationship between the illness and the 
occupational exposure. 

“In the literature on chronic industrial mercury poisoning there are no reports of cases 
resembling the one in question. In my own fairly extensive experience with industrial mercury 
poisoning I had not until very recently encountered any cases of nephrosis. It is, of course, 
well known that acute mercury poisoning frequently results in a severe type of nephrosis. 

“During the past week I have had occasion to examine the clinical records of two persons 
whose occupational exposure was similar to that of Mr. M. Both of these cases appear to 
present the picture of nephrosis. In one, complete laboratory studies had as yet not been per- 
formed, but in the second the laboratory findings were almost identical with those found for 
Mr. M. 

“Since in all three cases other causes for nephrosis appear to have been ruled out, it is my 
present opinion that in all three the condition is due to absorption of mercury. Nephrosis is a 
rather rare disease, and it seems to me beyond the realm of pure coincidence that this picture 
should develop in three persons having similar occupational exposure. The one common factor 
is exposure to mercury, and for that reason I believe that mercury is the responsible agent.” 

In June, 1953, I received word that in another worker who had replaced Mr. M. at the 
same work in the same plant a severe albuminuria had developed, but this was detected early 
because of periodic routine urinalysis and cleared up rapidly under treatment with dimercaprol 
(BAL). 

I am sending a copy of this letter to the ARCHIVEs, hoping that it will be published as con- 


firmation of your findings. Leonarp J. GotpwaTer, M.D., 


Professor of Occupational Medicine, 
Columbia University School of Public Health. 
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Abstracts from Current Literature 


General 


Propos—eD New LEGISLATIVE TABLE OF INDUSTRIAL DISEASES AND MAXIMUM ALLOWABLE 


CONCENTRATIONS OF NoveMBER, 1952. Luict PARMEGGIANI, Med. lavoro 44:257-302 (June- 
July) 1953. 


This extensive article contains the proposed maximum allowable concentrations of most 
of the known industrial hazards. An index divides these hazards into 40 groups. These groups 
are again subdivided. The information given for each compound includes the maximum allowable 
concentration, symptomatology, therapy, laboratory tests, and preventive measures necessary. 


Mary O. Amour, Boston. 


Two Years’ EXPERIENCE IN THE DEPARTMENT FOR OccCUPATIONAL DISEASES, CENTRAL- 


LASARETTET, ESKILSTUNA, SWEDEN. S. G. SyOperG and K. G. Ricnér, Nord. hyg. tidskr. 
No. 7-8 151, 1953. 


The results of the work in a center for the examination and treatment of patients with 
occupational diseases, started by one of the authors (Sjoberg) two years ago, are reviewed. 
The town is an industrial one with principally hardware plants and a few big foundries. Accord- 
ingly more than 50% of the patients are metal workers. 

The material is not large but contains a big variety of (presumed or actual) industrial 
diseases, the frequency of which is demonstrated in tables. Some interesting cases have. been 
encountered which will be described elsewhere. Also, a study on lead exposure in steel hardening 
and some papers on vanadium problems have resulted from work done in the center. 

It is concluded that such a center, connected with a well-equipped laboratory and x-ray 


department, is of great value for the examination and evaluation of problems concerning occupa- 


tional diseases in an industrial town. Encaien 


Physiology and Nutrition 


On THE ENERGETIC EXPENDITURE AND ON THE RESPIRATORY EFFICIENCY DURING PROLONGED 
Work. Enrico C. Victianr and PASARGIKLIAN, Med. lavoro 44:313 


(June-July) 1953. 


The behavior of caloric expenditure, of pulmonary ventilation, and of respiratory energetic 
efficiency in prolonged muscular work was studied. Four subjects performed a series of marches 
lasting five hours at different speeds (0.8 to 7 km. per hour) and on various gradients (up to 
30%) upon a transportation ergometer. The inspired air was measured in Tissot’s spirometer, 
and its composition was analyzed every 30 to 60 minutes with the Haldane apparatus. When the 
caloric expenditure required is less than 8 Cal. per kilogram of body weight per hour, the 
mechanical efficiency and the respiratory power are unaffected by the time of work. When the 
caloric requirement is above this, the energetic expenditure and the respiratory ventilation 
increase, together with the prolongation of muscular work, and result in a progressive lowering 
in the mechanical work efficiency and in the respiratory energetic power. 


CONDENSED FROM ENGLISH SUMMARY. 


Occupational Diseases and Hazards 


NonsuRGICAL TREATMENT OF CUTANEOUS BERYLLIUM GRANULOMA. A. A. FisHer, A. M. A. 
Arch. Dermat. & Syph. 68:214 (Aug.) 1953. 


Fisher says that there appears to be almost unanimous agreement that surgical intervention 
is the only treatment for cutaneous beryllium granuloma. 
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The patient whose case is presented sustained lacerations on two fingers caused by a broken 
fluoroescent bulb known to contain berylliuin silicate. The accident occurred on Sept. 5, 1951, 
and involved the third and fourth fingers of the right hand. The wounds were sutured within 
one hour after the accident. Two weeks after the wound had been sutured, the tissues broke 
down and ulcerated. Three months later, the patient presented indolent ulcers of the skin over 
the distal interphalangeal joints of the third and fourth fingers of the right hand. The lesions 
on the fourth finger extended across the entire dorsal aspect of the phalanx and over onto the 
mesial surface. The microscopic diagnosis was “consistent with beryllium granuloma.” 

Four months after the injury was sustained, in January, 1952, the patient was presented 
before the Bronx Dermatological Society, with the lesions essentially unchanged. There was 
a general agreement that the lesions were beryllium granulomas and that the ulcers should be 
widely excised and plastic repair should be performed. The patient, however, refused surgical 
intervention. Boric acid ointment was applied to both lesions, and the distal interphalangeal 
joints of the third and fourth right fingers were immobilized with wooden splints. One month 
after this treatment was instituted, the smaller lesions on the middle finger had healed. However, 
the larger ulcer on the fourth finger had remained unchanged. If anything, the finger was more 
tender, and the zone of erythema was more pronounced. 

An ointment consisting of 5% cortisone in an oxycholesterol-petrolatum ointment was then 
prescribed. The patient was instructed to massage the ointment into the lesion twice daily and 
to keep the lesion covered with the ointment in the intervals between massage. The finger was 
no longer splinted. Ten days after the first application of the cortisone ointment, the lesion 
became less tender, and the zone of erythema less marked, and there seemed to be some evidence 
of healing of the ulcer. The improvement continued steadily, and two months later the lesion 
had healed completely. A roentgenogram at this time revealed that the previously reported 
osteoporosis had cleared. 


MECHANISM oF Dust CLEARANCE FROM THE LuNG: A Tueory. P. Gross, Am. J. Clin. Path. 
23:116 (Feb.) 1953. 


Lung sections from 87 consecutive autopsies on adults were examined. In 43 cases moderate 
to large numbers of alveolar macrophages were present not associated with other inflammatory 
cells. These 43 cases were studied particularly in relation to anatomical change or structure. 
In 32 cases there were demonstrable changes or relationships, often multiple, that would interfere 
with alveolar excursionary activity: atelectasis in 22, alveolar edema in 13, thickened alveolar 
walls in 13, proximity to bronchi or large vessels in 11, and proximity to scars in 9. In 11 cases 
there was no demonstrable localization. 

The daily expectoration of large numbers of alveolar macrophages suggests that a certain 
amount of proliferation and desquamation is normal. Alveolar stasis may be established by 
increased macrophage production, diminished clearance, or both. In some cases, proliferative 
activity was indicated by excessive cellularity of the alveolar walls. In most cases, however, 
there was little evidence of this, suggesting that the presence of macrophages was due to decrease 
in the rate of removal. This removal is normally effected in the film of fluid which extends 
from the alveolus to the ciliated epithelium of the bronchiole. Seepage of fluid through the walls 
of the alveolar capillaries is constantly occurring. During expiration there is a contraction of 
the alveolar surface, the fluid layer thickening and being extruded to overlap that moving by 
ciliary action. During inspiration the area increases, but the tendency to flow back is to some 
extent opposed by the viscosity which is greatest at the free surface (owing to evaporation) 
and least at the base (because of inpouring of fluid). The net result is for the particulate 
matter to be washed toward the bronchiole to be deposited on the ciliated epithelium. 

The author believes that interference in respiratory excursion leading to alveolar stasis is 
an important factor in favoring dust retention in the alveoli. Pathological change or anatomical 
localization favoring this was found in 75% of cases in which there were appreciable collections 
of alveolar macrophages; in the remaining 25% such interference was neither ruled out nor 


established. A. T. Dore Hye.]. 
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Pros_LeMsS OF TUBERCULOSIS IN INDUSTRY: A STUDY OF THE SHOEMAKING TRADE IN NorTH- 
AMPTONSHIRE. A. Stewart, Brit. J. Tuberc. 47:122 (July) 1953. 


The belief that shoemakers are particularly prone to tuberculosis is not new. It was cor- 
roborated by an investigation carried out in Britain in 1915. The recommendations made at 
that time included improved ventilation of workshops and regular periods of rest and exercise 
during factory hours, but greatest stress was placed on “a modified form of sanatorium treat- 
ment.” The latter was, in effect, a scheme to segregate the tuberculous shoemakers and provide 
them with suitable work and regular medical supervision. The plan was worked out in con- 
siderable detail, but when in 1947 the medical profession was reminded that there was still an 
excessive amount of tuberculosis in the boot and shoe industry, it also learned that none of the 
1915 recommendations had been adopted. 

On this occasion it was a mass roentgenographic survey of factory workers in Northampton- 
shire which focused attention on the trouble by revealing “an excess of newly discovered cases of 
active pulmonary tuberculosis” among workers in boot and shoe factories. Further investigations 
revealed that “shoemaker’s phthisis” was not, strictly speaking, an industrial disease but merely 
an unusually clear example of the sequence of events which can be and frequently is associated 
with a laissez-faire policy toward the employment of tuberculous persons in industry. 

According to this theory the relative excess of tuberculosis in the boot and shoe industry 
as a whole is due to the presence of an exceptionally large number of tuberculosis carriers in 
the working population; the unequal distribution of cases within the industry is due to the fact 
that in large workshops the spread of infection from carriers to fellow-workers is greater than 
in small ones. It was argued that since shoemaking is, for men, a relatively light occupation 
the industry probably recruits more persons with. established cases of tuberculosis than most 
industries. For the same reason it probably permits men in whom the disease develops on the 
job to remain at work much longer than would be the case if the work were excessively 
strenuous. In this way the carrier rate is still further augmented. Provided the men with 
chronic phthisis work on their own, as do most shoe repairers, their presence causes no further 
harm to the industry as such. But if, as in the case of boot and shoe factory operatives, they 
work in large groups the disease spreads to others. 


BRONCHIAL CARCINOMA IN Dusty OccuUPATIONS: OBSERVATIONS IN BOILER SCALERS AND 
Grain Dockers. L. DuNNER and M. S. Hicks, Brit. J. Tuberc. 47:145 (July) 1953. 


This paper is a report on 26 cases of bronchial carcinoma among dockers. All these patients 
were referred by their physicians for investigation of chest symptoms, and they therefore form 
a selected group. Among grain dockers the authors found 80 cases of pulmonary tuberculosis, 
35 cases of pneumoconiosis, and 20 cases of bronchial carcinoma. Among boiler scalers there 
were 17 cases of pneumoconiosis, 4 of pulmonary tuberculosis, and 5 of bronchial cancer. There 
was one man with bronchial cancer who had worked at different times in both these occupations. 

The authors did not see any cases of carcinoma among other dockers not exposed to dust. 
As they saw at their clinic an increasing number of bronchial cases among the general population, 
they might have expected, by the law of averages, to have seen at least one or two cases among 
such dockers. The fact that all were in the group of dockers with dust hazard would seem 
to suggest that dust exposure is an etiological factor. The recent increase of carcinoma among 
grain dockers cannot, however, be attributed to the dust factor alone. Presumably the factor 
responsible for the increase of carcinoma among the general population also plays a part in 
the increase of bronchial carcinoma among the dockers. 


Hop Dermatitis 1N HEREFORDSHIRE. J. S. Cookson and A. Lawron, Brit. M. J. 2:376 
(Aug. 15) 1953. 


Cookson and Lawton studied dermatitis in Herefordshire during the 1952 picking season, 
which was regarded as a light season for dermatitis. “Hop rash” is well known by all hop 
workers. It is thought to vary in incidence from year to year in relation to the weather and to 
be fairly common among pickers but rare among other hop workers. Hop rash is usually 
assumed by pickers to be caused by the insecticides and other hop washes. 

Some idea of the incidence of hop dermatitis was obtained from the figures supplied by a 
nurse working in a hop yard employing 450 pickers. She reported 12 cases; 6 were of a mild 
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transient type and were not seen by the dermatologist. Of the six which were seen, one was 
severe, two were moderate, and three were mild. From this report, it seems possible that a mild 
dermatitis was fairly common in Herefordshire in 1952, about 1 picker in 30 being affected. 
Thus while severe cases are rare, mild cases are fairly common. 

Hop dermatitis in some cases tested seemed to be due to a sensitivity to fresh hop oil, of 
which myrcene may be the active ingredient. In three cases sensitivity to hop resins was also 
present. 

It is suggested that the rarity of hop dermatitis among workers in dried hops is due to the 
fact that the sensitizing agent is driven off in the drying process. 


PREVENTION OF THE Dust Diseases. A. I. G. McLauGuitn, Lancet 2:49 and 99 (July 11 and 
18) 1953. 


If the lungs are healthy, they can deal with a considerable quantity of dust or fume without 
becoming damaged. The concentration of dust which can be inhaled without danger varies 
according to the nature of the dust and also according to the length of time that a man is 
breathing it. Again, intermittent exposure to high concentrations of dust may be more dangerous 
than exposure to lower concentrations over a longer period. The harder the job is, the more 
deeply will a man have to breathe, and in consequence he will breathe more dust. Workers too 
vary greatly in their capacity to deal with dusts, and of two men who have been working at 
the same job for the same length of time one may get a disease of the lungs and the other may 
be unaffected. This is one reason why the author is not greatly impressed by the validity of 
what are known as the maximum allowable concentrations of dusts (M. A. C.), of which lists 
have been drawn up in various countries. The M. A. C.’s seem to be based on the assumption that 
man is a standardized machine, which clearly he is not. 

After citing figures on the incidence of dust diseases in England, McLaughlin in the second 
installment of his paper points out that many factory processes and most types of mining are 
inherently dusty but that in some instances the process can be altered so that no dust is formed. 
Again, it is possible occasionally to replace the substance which gives rise to the dangerous dust 
by another not so harmful. In jobs in which it has not been possible to control the dust, it is 
necessary for the worker to be protected by respirators or by a breathing apparatus. 

After commenting on replacing a harmful material, McLaughlin discusses dust suppression 
or control by ventlilation and by changing or by isolating a manufacturing process. Wet methods 
of allaying dust, electrostatic precipitation, and good housekeeping are also discussed. 

In reviewing methods for the personal protection of the worker, the author describes and 
evaluates several types of respirators. He also comments on antidotal dusts, particularly the 
aluminum dusting chamber, pointing out that it will require years before any definite evidence 
of the value of the treatment can be obtained and only then if adequate control groups are 
studied. He thinks that it should be used with caution, since he cannot readily believe that it 
is a good thing to put more dust into a lung which is already overloaded with dust. 

With regard to medical examinations and in particular x-ray examiiiations, McLaughlin 
says that it is useful to examine all workers before they are engaged in the dusty trades and then 
at intervals afterward. A diagnosis of pneumoconiosis cannot be made without an x-ray film 
of the chest, but x-ray examination does not prevent dust disease of the lungs. It does, however, 
help to get the worker out of a dusty industry before the damage to his lungs has gone too far. 
X-ray and other examinations can also indicate in which part of the job the danger lies, and 
greater attention can be given to dust control in the dangerous job. It is not fair to the workers, 
however, to use x-ray surveys in order to save the time and trouble of the engineers whose 
business it is to control dust clouds wherever they arise. 


EVALUATION OF THE PotasstuM BICHROMATE TEST FOR CEMENT (Dermatitis). E. FRey, 
Dermatologica 105:244, 1952. 


Seventy-three cases of industrial dermatoses were tested with patch tests of 0.5% solution 
of potassium bichromate. Seven doubtful cases were excluded; 33 cases of cement eczema gave 
a positive result. Of 33 patients with industrial eczema of other origin, only 2 factory workers 
showed reaction; these 2 women were employed in cleaning metal objects and may have become 


sensitized to chromate during that work. Brot. Asst. [Inpust. Hye. D1cest.] 
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On THE EsTIMATION OF THE RESPIRATORY FUNCTION IMPAIRMENT FROM SILICOSIS: RESULTS 
OsTaINED IN 100 Cases By STUDYING THE RESPIRATORY EFFICIENCY AccorDING To HERBST 
AND MARGARIA AND THE Os Dericir AccorDING To KNIppING. EMILIo SARTORELLI and 
MIHRTAD PASARGIKLIAN, Med. lavoro 44:303 (June-July) 1953. 


The present work reports (with particular reference to the technical problems) the results 
obtained from the study of the respiratory function of 100 patients with silicosis at different 
stages. The method of Margaria and Herbst was used in 48 cases, the method of Knipping was 
used in 30 cases, and both methods were used in 22 cases. There is a consistent agreement in 
data obtained by the two methods. In cases of reticular (pinhead) silicosis and in some cases 
of nodular silicosis it was possible to detect only a slight impairment of respiratory function. 
In most cases of nodular silicosis the impairment was medium. A serious respiratory insufficiency 
was always found in cases of widespread silicosis. From the practical point of view, the method 
of Knipping is preferable because of the consistency of results and rapidity of the tests and 
because these tests are better tolerated by the subjects. 


CONDENSED FROM ENGLISH SUMMARY. 


or MicrocomBusTiIon (ASHING) IN THE Stupy oF Siticosis. P. P. Dvizuxov, Arkh. 
patol. (Russian) 15:33, 1953. 


Histological specimens (usually lung tissue) were ashed by heating in a muffle, preferably 
at 550 C. after a brief period at 650, directly on the microscopic slide. Usual microscopic 
examination can then be used for determination of silica particles. Rabbit lungs taken from 
animals exposed to silica dust readily show silica lung contamination by small particles 0.25 to 
2.0 » in diameter. Larger particles are rare. Typical specimens are reproduced. The particles 
generally show a gradual loss of original shape and suffer a definite decrease in size after 
residence on lung tissue, indicating a solution of the material (probably colloidal) by the cellular 


matter. This method of detection can serve for determination of the type of dust causing 


pneumosclerosis. Cuem. Asst. 


DETERMINATION OF SILICON D10x1IDE IN LympHaTic NopEs BY THE METHOD oF MICROCOMBUS- 
TION (AsHING) IN SiLicosis. V. I. Feporova, Arkh. patol. (Russian) 15:41, 1953. 


The method outlined in the preceding abstract detects much greater amounts of silica particles 
in the lymphatic nodes than can be seen in normal specimens. Most of the dust is found in 
reticuloendothelial layers, the least in follicles. The results indicate transport of silica, with 


gradual dissolution. Cuem. Asst. 


Industrial Toxicology 


Curonic CHROMATE POISONING WITH DEVELOPMENT OF A LuNG Tumor. E. ASANG, 
Zentralbl. Arbeitsmed. u. Arbeitsschutz 2:181 (Nov.) 1953. 


This paper describes and discusses at some length the case of a man, aged 55, who had been 
exposed to inhalation of chromates during his work as a polisher of castings. X-ray examination 
disclosed a tumor of the lung. The lung was excised, and a full description of the findings is 
given, indicating a precancerous condition due to chromate poisoning. Spectrographic analyses 
of the ashed lung showed the presence of between 8.0 and 15.0 mg. per 100 cc. of chromium. 
It is stated that the normal chromium content of normal human lungs rises with age to 4.0 ¥ 


per 100 ce. ConDENSED FROM BuLL. Inpus. Hyc. Dicest 


Medicine and Surgery 


TREATMENT OF HyproFLuoric Acip Burns. QUERIES AND Minor Notes, J. A. M. A. 152:1493 
(Aug. 8) 1953. 


An opinion is requested on the use of “triple dyes” and calcium gluconate locally for the treat- 
ment of hydrofluoric acid burns. The reply describes rather fully a method of treatment that 


— 
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has been successful in a large number of cases for the last four years. In essence the treatment 
consists in immersion in water (never a neutralizer) for not less than 30 minutes and up to four 
hours. This is followed by application of packs saturated with glycerin. On the second day the 
burns can be classified as to whether further damage will occur or only dressing changes will 
be needed for a day or two. If the injury could result in a second- or third-degree burn, further 
treatment consists of meticulous cleansing of the area, with compression techniques and liberal 
use of tantalum oxide blown on with special apparatus. The dressing is not removed until the 
9th or 10th day. The use of triple dyes was discarded by this consultant 20 years ago, and the 
calcium gluconate treatment has also been abandoned, because the injections contributed to 
sloughing. For burns under the nails a fairly radical removal of the distal third of the nail 
gives immediate relief. In eye burns, initial treatment with water for not less than four hours 
will prevent injury if the treatment can be started within 15 to 30 minutes. In no circumstances 


is the use of a neutralizing solution advocated. Inpust. Hyco. Decest 


ARTIFICIAL RESPIRATION ADAPTED TO SPECIAL Conpitions. P. V. Karpovicn and C. J. 
Hate, J. Appl. Physiol. 5:717 (May) 1953. 


Pulmonary ventilation effected by 10 single artificial respiration maneuvers which can be 
used under conditions of war were studied on 15 conscious, nonapneic, subjects. It was found 
that, with the exception of three maneuvers, each could provide adequate pulmonary ventilation 
in normal lungs. The inferior maneuvers were leg flexion against the abdomen, pressure on 
one side of the chest, and one arm lift sidewise. The superiority of the double-phase method 
combining both active inspiration and expiration was again demonstrated. The most double-phase 
maneuver which can be executed under normal conditions is the bear-hug arm-lift, which gives 
1,285 cc. of tidal air. The intermittent technique for measuring pulmonary ventilation effected 
by artificial respiration in conscious, nonapneic subjects gives figures comparable with those 
obtained on anesthetized-curarized subjects. 


Avutuors’ SUMMARY AND ConcLusions [INDUSTRIAL Hyc. DiGeEst]. 


MopiFiep PoLe-Top METHOD oF ARTIFICIAL RESPIRATION. P. V. Karpovicu and C. J. 
Hate, J. Appl. Physiol. 5:723 (May) 1953. 


Numerous tests have proved the superiority of double-phase over single-phase methods of 
artificial respiration. The authors recommend a modification of the standard pole-top method, 
making it a double-phase method. The method is the bear-hug arm-lift maneuver described in 
the previous paper. 


Inpust. DiceEst. 


Environmental Conditions 


TENTATIVE EstTIMATE OF HEARING DAMAGE Risk CRITERION FOR STEADY-STATE NOISE. 
H. C. Harpy, J. Acoust. Soc. America 24:756 (Nov.) 1952. 


The probable shape of a limiting spectrum for noise in a working environment where there 
is long daily exposure is determined. It is assumed that hearing loss is due to a progressive 
fatigue phenomenon. It is shown that the most sensitive region for loss is around 3000 cps. 
Two limiting loudness curves and their corresponding spectra are tentatively suggested as 
damage-risk criteria. The need for more research to test these conclusions is emphasized. 


CONDENSED FROM AUTHOR'S SUMMARY [INDust. Hyc. D1GEstT]. 


CLINICO-STATISTICAL CONTRIBUTION TO THE StupY OF ILLNESS IN Carsson Workers. E, 
CEDRANGOLO and R. Naporitano, Rass. med. indust. 21:316 (July-Aug.) 1952. 


The authors report on 57 cases of illness which they have investigated in caisson workers; 16 
(30%) of these had their organ and sense of hearing seriously affected, 4 complaining at the same 
time of joint and muscle pains, and 5 others had also a gastric complaint. In 10 others the injury 
to hearing was less serious and was soon recovered from. With a total of 26 cases, the organ 
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and sense of hearing is the function which is most generally affected in caisson workers. Obvious 
etiological factors are to be found in the high-pressure atmosphere and the damp environment 
and the liability to catarrh which this calling entails for the workers. 

The work is carried out under water, and it is not surprising that 16 of the subjects had rheu- 
matic complaints, affecting the lower limbs only in 8, both upper and lower limbs in 4, and the 
upper limbs only in 4 others. 

In 10 cases the complaints were referable to the nervous system. There was intense headache 
with vertigo in five. Four subjects lost consciousness when taken ill, and one of these had a 
residual paralysis of the right lower limb. One other worker had a spastic paralysis of the right 
upper limb, with exaggerated reflexes. 

In five cases the affected workmen complained of gastric pain and vomiting ; they soon recov- 


ered, suggesting an ordinary chill without any sequels. J. Caucut [Butt. Hye.]. 


NotsE DeaFNEss. CARL-AXEL FrOpING, Nord. hyg. tidskr. No. 7-8 148, 1953. 


After a short review of the background of noise deafness, the symptoms, diagnosis, and 
treatment of this condition are discussed. A report is presented on an investigation into the 
hearing of 62 men employed in several noisy engineering trades; 74.1% were found to have 
hearing losses due to noise which could be demonstrated by audiometric tests. 


ENGLISH SUMMARY. 


Determination of Air-Borne Contaminants 


Hicu-Speep CounTING oF STEEL Founpry Dust Particres. G. M. Micuie, Engineer 
195:485 (April 3) 1953. 


The flying-spct microscope is described and illustrated, and its use is discussed. Particles of 
varying size may be counted by use of the two scanning beams described in a preceding paper. In 
addition to its application to dust counting, the flying-spot microscope has the following advan-- 
tages: (1) avoiding diffraction between adjacent areas, (2) high brilliance of screen image; (3) 
control of image contrast, and (4) use for examination of radioactive material at a safe distance. 


Inpust. Hye. DiGEstT. 


RaTIONAL ANALysIS oF AIrR-BoRNE CoLLiery Dusts: A MicroscopicAL MetuHop. R. G. H. B. 
Boppy, Fuel 32:310 (July) 1953. 


A microscopic method is described by which coal particles of all ranks can be differentiated 
into various petrological ingredients whose relative percentages can be estimated with fair accu- 
racy. The use of the horizontal sedimentor as a sampler affords a valuable means of obtaining 
a sized sample of air-borne dust in a condition almost identical to that when in the air. The use 
of curved crushing lenses enables measurements of the thickness of particles to be made with 
extreme accuracy; they also can be used to evaluate the volumes of irregular particles directly. 
The technique offers a method of obtaining information concerning the plastic character of both 
coals and minerals and might be used to obtain sheets of coal substance for the investigation of 
the spectrochemical absorption of coals of known petrological composition. 


Avtuor’s Conc.usions [INpust. Hyc. Dricest.]. 


Stupy AND DETERMINATION OF QUARTZ BY DIFFERENTIAL THERMAL ANaLyslis. A. F. Boyer, 
J. chim. phys. 50:60 (July) 1953. 


The quartz content of rocks, minerals, and dusts can be determined by measuring the absorp- 
tion of heat of the sample at 573 C. caused by the transformation of alpha-quartz to beta-quartz. 
The method is especially good for determining small quantities of quartz in the presence of 
amorphous silica or silicates. The sensitivity is of the order of 1%, but the precision is poor, the 
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relative error being of the order of 20%. Since the analysis allows an estimation of the degree of 
crystalline organization in a sample of silica dust and since this bears a relation to the solubility 


of the dust, the method is useful for the study of silicosis in coal mines. Cun, Avat. 


PREPARATION OF AEROSOLS FOR ELectroN Microscopy. Ernest H. Katmus, United States 
Atomic Energy Commission, Unclassified Document, AECU-2533, LADC-1412, Technical 
Information Division, Oak Ridge, Tenn., 1933. 


A technique is described whereby fall-out particles from dust clouds, commonly called aero- 
sols, may be prepared for observation with the electron microscope. Specimens are collected by 
means of various types of precipitators on molecular filters which are made from cellulose 
esters. During the process of dissolving this material in acetone, the particles adhering to the 
filter are transferred to the Formvar-coated specimen screens of the electron microscope. 
Losses are negligible, residual filter background is eliminated, and particles are clearly visu- 
alized for measuring. 


NucLearR Sct. ABstT. 


Friyrnc-Spot Microscope. J. Z. YounG and F. Rosperts, Nature, London 167:231 (Feb. 10) 
1951. 


A microscope operating on an entirely new principle is described. The lens system is used to 
provide a concentrated spot of light, which scans the preparation to be examined. The light pass- 
ing through the specimen falls on a photo electric cell, with subsequent amplification and display 
as required. The following advantages are claimed for this process over conventional micros- 
copy: (1) large projection display fields with sufficient illumination; (2) easy control of bright- 
ness of the image; (3) less need for changing objectives; (4) better contrast; (5) production of 
visible displays, with incident light varying from 2,000 to 10,000 A.; (6) less alteration in speci- 
mens; (7) better resolution, and (8) most important in industrial hygiene, the possibility of 
counting and sizing particles at a rate of 1,000,000 per second. The first model of the instrument 
suggests these advantages, and further development is being undertaken. 


Inpust. DiGEst. 


HicuH-Speep CountTinG WITH THE FLy1NnG-Spot Microscope. F. Roperts and J. Z. YOuNG, 
Nature, London 169:963 (June 7) 1952. 


When particles are counted by the flying-spot microscope (see preceding abstract), particles 
wider than the scanning interval will be counted more than once. This is avoided by mounting 
a birefringent crystal between the objective and the specimen and inserting a polarizing tube 
below the condenser. An additional photo electric cell is mounted at right angles to the original 
photo electric cell. An anticoincidence circuit is so arranged with the counter that the specimen 
is scanned by two spots adjusted one line-width apart and polarized at 90° to one another. When 
both spots strike the particle, the pulses cancel each other, and no count is made. Also, when 
only the top spot is off the counter, the bottom spot gives a negative pulse, so no count is regis- 
tered. Therefore, only when the lower spot alone is on the particle will the counter operate. 
Additional adjustments are made to prevent repetitive counting of successive frames. Counts of 
particles at a speed of 1,000,000 a second have been obtained at accuracies of less than 1%. 
Multiple-spot operation appears to offer considerable further possibilities in automatic sizing of 


particles, and this application is now being investigated. Inpusr. Hivc. Dicesr. 


Carson DisuLFipe TESTER FOR MICRODETERMINATION IN AIR. E. TREIBER and H. Koren, 
Chem.-Ing.-Tech. 25:192; 1953. 


The problem of carbon disulfide in cellulose plants is discussed. In a semiautomatic tester, 
by formation of yellow copper diethyldithiocarbamate, 6 Y of carbon disulfide per liter of air 
can be determined to within about 6%. Two sampling devices and a highly sensitive spectro- 


colorimeter are described. Data, diagrams, and 22 references are given. Cun, Asst 
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METHODS FOR THE DETERMINATION OF CARBON MONOXIDE IN Arr. ALF Larsson, Nord. hyg. 
tidskr. No. 7-8 121, 1953. 


Different methods for the determination of carbon monoxide in air are described. The 
determinations can be made by either chemical or physical means. 

Of the chemical methods, brief descriptions are given of the palladium chloride method, the 
iodine pentoxide method, and the colorimetric gel method. Among instruments working on the 


physical principle, the infrared spectrophotometer and the explosimeter are mentioned briefly, 
and the Hopcalite indicators are treated in more detail. 


The colorimetric indicator has proved to be a useful instrument for the spot test of carbon 
monoxide concentrations. Palladium chloride is of practical value only for the indication of the 
presence of carbon monoxide for a long time. For repeated determinations or for continual use 
the Hopcalite indicators are recommended. The iodine pentoxide apparatus is of greatest value 
as a method for “absolute” determination of the carbon monoxide content. 

Pictures are given of two Swedish apparatuses, the LKB Colorimetric CO Tester and the 


Stalex Carbon Monoxide Indicator. 


Ventilating, Air Conditioning, and Engineering Control 


ExTERNAL Dust CONTROL FOR A PEDESTAL GRINDER: Parts I anp II. W. H. Wuite and 
W. B. Lawrie, Found. Trade J. 93:631 and 673 (Dec. 4 and 11) 1952. 


The paper describes experimental work which léd to the construction of a prototype and dust 
estimations made on it. Movement of dust clouds, both with and without local exhaust ventila- 


tion, was recorded. Part II discusses varicus parts of the apparatus. Photographs, diagrams, 
and tables are included. BatreLte Tecnu. Rev. [Inpust. Dicest]. 


Desicn Factors 1n CaTALytTic FuME EximinaTion. R. J. Rurr, Heat. & Vent. 50:84 
(Sept.) 1953. 


By means of a platinum catalyst supported on a screen of nickel-alloy ribbon, several organic 
fumes may be oxidized at relatively low temperatures. Catalytic ignition temperatures vary 
from 300 F. for alcohols to 600 F. for tar or asphalt vapors. A latent heat energy of 1 British 
thermal unit (RB. T. U.) per cubic foot of fume-laden air will raise the fume temperature 
(Fahrenheit) 57 degrees. A 10,000 c. f. m. capacity system oxidizing vapor concentration exceed- 
ing 4 B. T. U. per cubic foot requires no outside heat, whereas a low-energy fume (0.1 B. T. U. 
per cubic foot) would require 2,400,000 B. T. U. per hour. 


Catalytic combustion of process gases will vary in efficiency from 97.5% at fume-energy 
concentrations of 1 B. T. U. per cubic foot to higher values for increased concentrations. Phenols, 
acrolein, aldehydes, mercaptans, oils (vegetable, animal, and fish), and many other volatile 
waste products may be practically eliminated from stack effluents. Some chlorinated hydrocar- 
bons may poison the platinum catalyst, and excess particulate loadings will plug filters. 


RicHarD Dennis, Boston. 


REMOVAL OF OXIDES OF SULFUR FROM FLUuE Gases. R. L. Rees, J. Inst. Fuel. 25:350 
(March) 1953. 


The historical development of flue-gas washing at power stations is traced. Modern knowl- 
edge has yielded no evidence that ordinary flue gas discharged hot and at reasonably high speed 
from well-designed chimneys is harmful to health or to agriculture; on the other hand, washing 
the flue gas opposes the good effect of a tall chimney by cooling the gas, so that washing may 
actually increase local pollution in certain states of weather. It is calculated that existing gas- 
washing processes (which are described briefly) cost the community more than the damage done 
by the sulfur dioxide that they remove. These processes are wasteful in that no useful material 
is recovered. The recovery of sulfur or its compounds and also the manufacture of ammonium 
sulfate from flue gas by the use of gas liquor are being investigated. 


CoNDENSED FROM AuTHOR’s SuMMARY [INDUst. HycG. Dicest]. 
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Accidents and Their Prevention; Protective Equipment 


New Types oF Ear Protectors. J. Zwistock1, J. Acoust. Soc. America. 24:762 (Nov.) 1952. 


In the construction of ear plugs the chief problem is to combine the necessary sound insulation 
with comfort and sufficient speech intelligibility. Ear plugs are described which fulfill these 
requirements to a reasonable degree. They can be used for the attenuation of all audible fre- 
guencies or, with minor adaptations, as low-pass filters attenuating the more dangerous high 
frequencies only. For maximum speech intelligibility, both kinds of sound insulation are adequate 
for steady noises, whereas the low-pass filter is better for intermittent noises, detonations, and 
noise that can be interrupted to permit communication. Extensive experiments in industry and 
the armed forces have shown that low-pass filters with a cut-off frequency of 1000 cps provide 
sufficient hearing protection in most situations. 


AvutuHor’s SumMMARY [INnpust. Hyc. DiceEst]. 


Legal Medicine 


Aspects oF Norse. Symons. Proceedings of Administrative Engineers’ Confer- 
ence, Association of Casualty and Surety Companies, New York, May 15, 1953. 


Reprints are available from the Foundation. 


Awards for industrial loss of hearing should be made only in cases in which there is an actual 
wage loss due to such conditions. The author presents a number of arguments supporting this 
concept, which has not always been followed in court decisions. The history and purposes of the 
New York State workmen’s compensation laws are discussed, and a number of cases are cited. A 
serious problem is that industry and the carriers have created no reserves to pay for the threat- 
ened losses. Another is the lack of satisfactory standards or criteria for evaluating the degree 
of hearing loss and for determining what noise levels cause occupational deafness. The use of 
the wage-loss basis for awards would be advantageous to the employees, employers, carriers, 


acoustical and medical experts, and the public. 
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Books 


Medical Aspects of Workmen’s Compensation. Price, $1.50. Pp. 104. Commerce and 
Industry Association of New York, Inc., 99 Church St., New York 7, 1953. 


This book presents papers and discussions from two symposia before the Special Committee 
on Workmen’s Compensation of the Commerce and Industry Association of New York. The 
first section deals with medical care and treatment, the second with rehabilitation. The book 
represents a good review of many of the salient problems in the medical aspects of injury cases 
under the compensation law. 


In the first section, Dr. B. L. Vosburgh, of General Electric, describes the problems that 
arise when the “wrong” physician handles a compensable injury. He suggests making post- 
graduate study that includes some “in-plant” experience a requisite for a physician undertaking 
the treatment of occupational injuries and diseases. He also suggests the protection that might 
be afforded by a review panel of experts in each of the special fields. 

Dr. D. V. Holman reviews heart disease and its increasing expense in compensation. He also 
reviews the problems of possibility vs. probability in medical testimony in such cases. 

Dr. H. V. Spaulding emphasizes the wide difference in length of convalescense in back cases 
in compensation and in private practice and identifies the chronic back as an economic and 
psychosocial problem. 


Dr. Saul Knopf reviews hearing loss due to noise and stresses the value of preemployment and . 
postemployment audiograms. 

In the second section, Dr. H. A. Rusk says that 80% of rehabilitation should be done by 
the practitioner so that rehabilitation centers may be reserved for the more serious cases. He 
again emphasizes the back problem in compensation, stating the compensable bony injuries to 
the back in New York State average 246 weeks away from work for the patient, whereas his 
center can get a paraplegic with severed spinal cord back to gainful work in 120 days. His 
group attempted a pilot treatment study of compensation back cases and were able to return 
only 3% of the whole group back to work, compared with 90% returned to work in six weeks 
in noncompensation cases. 

Dr. H. H. Kessler identifies the difficulty in evaluating disability and emphasizes the extent 
of existing disability in our current population. 


Mr. S. L. Hanson reviews a study of more than 2,000 cases from the Liberty Mutual 
Rehabilitation Center. Estimating potential losses versus rehabilitation cost in 26 paraplegic 
cases produces a net saving of $1,200,000 as a result of the rehabilitation program in those 
26 cases alone. 


This is a very worth while little book that covers the salient problems of interest to the 


physician who handles compensation cases. R. B. O'Connor, M. D., Boston. 


Health of Workers in Chromate Producing Industries, Public Health Service Publication 
192. By A. L. Koven and others (24). Price, 50 cents. Pp. 131, with 41 tables, 25 


illustrations. Superintendent of Documents, United States Government Printing Office, 
Washington 25, D. C., 1953. 


This report includes clinical and environmental findings of a study which was made in six 
primary producing plants which manufacture bichromates and chromates. The manufacturing 


processes in all plants is stated to be basically the same. A total of 1,200 persons were employed 
by these plants. 


The report is composed of five main sections covering a review of literature, description of 
processes, environmental studies, medical survey, and morbidity and mortality experience. 


The study substantiates the existence of a cancer problem among chromate workers. The 
carcinogenic agent or agents are not precisely identified. 
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Environmental studies were made in each of the plants in which a total of 1,800 samples 
were taken. These included air-borne material, particle-size, and settled dust samples. 


A limited study of the particle-size distribution indicates a geometric mean of 0.354. The 
greatest weighted average exposure to chromate-bearing dust was 1.07 mg. per cubic meter. The 
greatest weighted average exposure (0.17 mg. per cubic meter) to hexavalent chromium occurred 
among potash production operators. Many occupations involved average exposures of greater 
than 0.10 mg. of water soluble hexavalent chromium per cubic meter. Acid soluble-water 
insoluble chromium is suggested for consideration as an etiological agent. Mixing and milling 
operations for these compounds gave concentrations of 0.17 and 0.15 mg. of chromium per cubic 
meter, respectively. 

Medical examination was made on 897 chromate workers. The mean age of 10 persons having 
bronchogenic carcinoma was 5414, and the mean exposure period was 22.8 years. The rate for 
bronchogenic carcinoma in these cases is 1,115 per 100.000 persons. 


A study of mortality experience among chromate workers indicated 29 times as many deaths 
from respiratory cancer as would be expected from the experience of all males in the United 
States. Perforation of the nasal septum was found among 56.7% of all employees. 


The report suggests that more consideration be given to air-borne acid soluble-water insoluble 
chromium compounds. A recommendation is made that persons who have worked five or more 
years in this industry should be x-rayed every three months. 


This is a very complete study of the chromate industry; however, it is considered to be 
lacking in certain respects. No description is given of manufacturing processes in existence during 
the length of time represented by the exposure periods of the employees. In at least one of the 
plants there have been significant changes which would affect the atmospheric concentrations 
of chromium compounds. The environmental studies therefore represent only present-day 
conditions and give no indication of levels associated with earlier manufacturing processes, 
practices, or control measures. 


No attempt has been made at re-evaluating maximum permissible levels for inhaled or 
excreted chromium compounds. 


No mention is made of the resulting air pollution in the surrounding communities to indicate 
the possible effect of such air pollution upon the local neighborhoods. 

In at least one of the plants, there was a fairly high labor turnover. One of the recom- 
mendations made is that the local health board follow up employees who have worked for more 
than five years in the industry. The study evidently did not include follow-up case studies of a 
representative group of such terminated employees, although 1 of the 10 case histories submitted 


is that of a former worker. 


J. F. Eor, Jr., Chicago. 
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